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1887.  Beardmore,  William,  Parkhead  Forge  and  Steel  Works,  Glasgow. 

1880.  Beaumont,   William   Worby,  163   Strand,  London,   W.C;    and   Molford, 

Palace  Road,  Tulse  Hill,  London,  S.W. 
1859.  Beck,  Edward  (Life  Mcmhei),  Pallam  Forgo,  Warrington  ;  and  Springfield, 
Warrington. 

1873.  Beck,  William  Henry,  115  Cannon  Street,  London,  E.G. 

1887.  Beckwitli,  George,  Engineer,  Strand  and  Xortli  Docl<s  Engineering  Works, 

Swansea ;  and  Fairfield  House,  IMuunt  Pka>ant,  Swansea. 
1875.  Beckwith,  John  Henry,  JLinager,  Messrs.  Galloways,  Knott   Mill  Iron 

Works,  Manchester. 
1882.  Bedson,  Joseph  Phillips,  ]Mes.-rs.  Richard  Johnson  and  Nephew,  Bradford 

Iron  Works,  IMancliester. 
1875.  Beeley,  Thomas,  Engineer  and  Boiler  Maker,  Hyde  Junction  Iron  Works, 

Hyde,  near  Manchester.     [Beeley,  Hyde.'] 

1884.  Beetlestone,  George  John,  Sudbrook  Works,  near  Chepstow. 

1888.  Beldam,  Asplan,  77  Gracechurcli  Street,  London,  E.C. 
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1S85.  Bell,  Charles  Lowtliian,  Clarence  Iron  Works,  Middlesbrough. 

1858.  Bell,  Sir  Lowthian,  Bart.,  F.R.S.,  Clarence  Iron  Works,  Middlesbrough ; 

Eounton  Grange,  Northallerton;  and  Reform  Club,  Pall  Mall,  London^ 

S.W.     [^Sir  Loicthian  BM,  Middlesbrough.'] 
1880,  Bell,  William  Henry,  Vale  Rectory,  Guernsey. 

1879.  Bellamy,  Charles  James,  5  Priory  Gardens,  Bedford  Park,  London,  W. 
18G8.  Belliss,  George  Edward,  Steam  Engine  and  Boiler  Works,  Ledsam  Street, 

Birmingham.     [^Belliss,  Birmingham.'] 

1878.  Belsham,  Maurice,  Messrs.  Price  and  Belsham,  52  Queen  Victoria  Street, 

London,  E.C. 

1880.  Benham,  Percy,    Messrs.    Benham,   6G    Wigmore    Street,    London,  W. 

[Benham,  London.    7065.] 
1SS7.  Bennetts,  Edward  John,  1  Dean  Villas,  Trevu  Road,  Camborne. 
1878.  Berrier-Fontaine,  Marc,  Inge'nieur  de  la  Marine,  Toulon  Dockyard,  Toulon, 

France  :  (or  care  of  Messrs.  P.  S.  King  and  Son,  Canada  Buildings,  King 

Street,  Westminster,  S.W.)    [Berricr,  Toidon.] 

1887.  Bertram,  William,  Messrs.  George  and  William  Bertram,  St.  Katherine's 

Works,  Sciennes,  Edinburgh. 

1861.  Bessemer,  Sir  Henry,  F.R.S.,  Denmark  Hill,  London,  S.E. 

1866.  Bevis,  Restel  Ratsey,  Messrs.  Laird  Brothers,  Birkenhead  Iron  Works, 
Birkenhead ;  and  Manor  Hill,  Birkenhead. 

1882.  Bewley,  Thomas  Arthur,  IMessrs.  Bewley  Webb  and  Co.,  Port  of  Dublin 

Ship  Yard,  Dublin. 
1885.  Bicknell,  Arthur  Chanuing,  42  Pelham  Street,  South  Kensington,  London, 
S.W. 

1883.  Bicknell,    Edward,    care  of    Bank  of  Bengal,   Calcutta,   India :    (or  8 

Canynge  Square,  Clifton,  Bristol). 

1884.  Bika,  Le'on  Joseph,  Locomotive  Engineer-in-Chief,  Belgian  State  Railway, 

29  Rue  des  Palais,  Bruxelles,  Belgium. 

1888.  Billinton,  Robert  John,  Locomotive  Superintendent,  London  Brighton  and 

South  Coast  Railway,  Brighton. 

1887.  Binnie,  Alexander  Richardson,  Town  Hall,  Bradford. 

1877.  Birch,   Robert  William  Peregrine,  5  Queen   Anne's   Gate,  Westminster, 

S.W. 
1847.  Birley,  Henry,  6  Brentwood,  Pendleton,  R.O.,  Manchester. 

1888.  Birtwistle,  Richard,   Messrs.    S.    S.   Stott  and   Co.,   Laueside  Foundry, 

Haslingden,  Manchester. 

1879.  Black,  William,  Messrs.  Black  Hawthorn  and  Co.,  Gateshead.   [^BlacMhom, 

Newcastletijne.] 

1862.  Blake,  Henry  WoUaston,  F.R.S.,  Messrs.  James  Watt  and  Co.,  90  Leadenhall 

Street,  London,  E.C. 
ISSG.  Blandford,  Thomas,  Corbridge,  R.S.O.,  Northumberland. 
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ISSl.  Blechymlen,     Alfred,     Naval      Construction     and     Ariuament.s    AVorks, 

Barrow-in-Furness. 
18G7.  Bleckly,  John  James,  Bewsey  Iron  Works,  Warrington ;  and  Daresbury 

Lodge,  Altrincham. 
1882.  Blundbtone,  Samuel  Richardson,  Catherine  Chambers,  S  Catherine  Street, 

Strand,  London,  A\\C. 
18SL  Bocquet,   William,  North  Western  Eailway,  Lahore,  India. 
18G3.  Boeddinghaus,  Julius,  Electrotechuiker,  Diisseldorf,  Germany. 

1884.  Bone,  William   Lockhart,   Works  of  the   Ant  and   Bee,  West  Gorton, 

Manchester. 
1880.  Borodin,  Alexander,  Engineer-in-Chief,  Russian  South  Western  Railways, 

Kieff,  Russia. 
1888.  Borrows,  William.  Messrs.  Edward  Borrows  and  Sons,  Providence  Foundry, 

Sutton,  St.  Helen's,  Lancashire. 

1885.  Boughton,  Henry  Francis,  Dan   Rylands,  Glass  Works,   Barnsley;   and 

Huuniugley,  near  Barnsley. 

1886.  Boult,  Alfred  Julius,   Messrs.  W.  P.  Thompson   and   Boult,  323  High 

Holborn,  London,  W.G. 
18SS.  Boultbee,  Frederic  Richard,  4  Loris  Road,  Shepherd's  Bush,  London,  W. 

1878.  Bourdon,  Francois  Edouard,  74  Faubourg  du  Temple,  Paris :  (or  care  of 

Messrs.  Negretti  and  Zambra,  Holborn  Viaduct,  Londou,  E.G.) 

1879.  Bourne,  William  Temple,  Messrs.  Bourne  and  Grove,  Bridge  Steam  Saw 

Mills,  Worcester. 

1879.  Bovey,   Henry   Taylor,   Professor   of   Eiigineeriug,    McGill    University, 

Montreal,  Canada. 

1880.  Bow,  William,  Messrs.  Bow  McLachlan  and  Co.,  Thistle  Engine  Works, 

Paisley.     [Bow,  Paisley.'] 

1888.  Bowen,   Edward,   Mechanical    Engineer    and    Manager    of   Workshops, 

Porto  Alegre  and  New  Hamburg  Railway,  Rio  Grande  do  Sol,  Brazil : 
(or  care  of  Benjamin  Packham,  122  Upper  Lewes  Road,  Brighton.) 

1870.  Bower,  Anthony,  Messrs.  Forrester  and  Co.,  Yauxhall  Foundry,  Yauxhall 
Road,  Liverpool. 

1858.  Bower,  John  Wilkes  (Life  Member),  Neston,  near  Chester. 

1884.  Bnyer,  Robert  Skeffington,  8  Mount  Stuart  Square,  Cardiff. 

1882.  Bradley,  Frederic,  Clensmore  Foundry,  Kidderminster. 

1889.  Bradley,  Isaac,  Manager,  Gatling  Gun  Works,  Perry  Barr,  Birmingham. 
1878.  Braithwaite,  Charles  C,  35  King  William  Street,  London  Bridge,  Loudon, 

E.G. 
1875.  Braithwaite,   Richard    Charles,   Messrs.    Braithwaite    and  Kirk,   Crown 
Bridge    Works,    Westbromwich ;    and   Norfolk   House,   Handsworth, 
R.  0.,  Birmingham.     ^Braithwaite,  Westhromivich.'] 
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1854.  Bramwell,  Sir  Frederick  Joseph,  Bart.,  D.C.L.,  F.R.S.,  5  Great  George 
Street,  Westminster,  S.W.     IWellbram,  London.     3060.] 

1SS8.  Bratt,  Augustus  Hicks  Heuery,  Mechanical  Engineer,  New  Prye  River 
Dock,  Province  Welleslcy,  Straits  Settlements :  (or  Sunnyside,  Old 
Trafford,  Manchester.) 

1885.  Brearley,  Benjamin  J.,  Union  Plate  Glass  Works,  St.  Helen's. 

1889.  Brebner,    Samuel    Gordon,    Chief    IMechanical    Engineer,    Small    Arms 

Ammunition  Factor}-,  Pooua,  India. 
1868.  Breeden,    Joseph,     New    Mill    Works,     Fazeley    Street,    Birmingham. 

{^Breeden,  Binningham.'] 
1883.  Bricknell,  Augustus  Lea,  56  Arlington  Road,  Brixton,  London,  S.W. 
1887.  Brier,  Henry,  Scotch  and  Irish  Oxygen  Co.,  Rosehill  Works,  Polmadie, 

Glasgow. 
1889.  Briggs,   Charles,   Jun.,    Superintendent    of    Machinerj',    Companhia    do 

Beberibe,  Pernambuco,  Brazil :  (or  care  of  Robert  Briggs,  Howden.) 
1881.  Briggs,    John    Henry,    Messrs.   Simpson  and   Co.,   Engine  Works,   101 

Grosvenor  Road,  Pimlico,  London,  S.W. ;  and  Howden. 
1889.  Bright,  Philijj,  Messrs.  J.  Tylor  and  Sons,  2  Newgate  Street,  London,  E.C. 

1886.  Bright,  William,  Manager,  Fairwood  Tin-Plate  Works,  Gowerton,  R.S.O., 

Glamorganshire. 

1865.  Brock,  Walter,  Messrs.  Denny  and  Brothers,  Engine  Works,  Dumbarton. 

1879.  Brodie,  John  Slianks,  Town  Surveyor  and  Harbour  Engineer,  Town  Hall, 

Whitehaven.   ' 
1852.  Brogden,     Henry     (Life     Member),    Hale     Lodge,    Altrincham,    near 

Manchester. 
1881.  Brook-Fox,    Frederick    George,     Executive     Engineer,     South    Indian 

Railway,  Cuddalore,    Madras   Presidency,  India :   (or  care  of  Messrs. 

H.  S.  King  and  Co.,  65  Cornhill,  London,  E.C.) 

1880.  Brophy,  Michael  Mary,  Messrs.  James  Slater  and  Co.,  251  High  Holborn, 

London,  W.C. 
1874.  Brotherhood,    Peter,    15   and   17   Belvedere    Road,    Lambeth,    London, 

S.E. ;    and   94   Cromwell    Road,    South    Kensington,   London,   S.W. 

[Brotherhood,  London.'] 
1886.  Brown,  Andrew,  Messrs.  T.  Cosser  and  Co.,  McLeod  Road  Iron  Works, 

Kurracliee,  India  :  (or  care  of  P.  B.  Brown,  Hecla  Works,  Sheffield.) 

1866.  Brown,    Andrew    Betts,   F.R.S.E.,    Messrs.   Brown    Brothers    and    Co., 

Rosebauk  Iron  Works,  Edinburgh. 

1885.  Brown,  Benjamin,  Widnes  Foundry,  Widnes. 

1879.  Brown,  Charles,  Messrs.  Charles  Brown  and  Co.,  91  Rione  Amedeo, 
Naples,  Italy :  [Bromi  Comp.,  Naples.']  (or  care  of  Dr.  Gardiner  Brown, 
9  St.  Thomas'  Street,  London  Bridge,  London,  S.E.) 
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1880.  Brown,  Francis  IJobert  Fouiitaine,  Supcrintemlunt  Duniinion  Bridge  Co., 

Lachine  Locks,  P.Q.,  Cftiiada. 
1889.  Brown,  Frederick  Alexander  AV'illiani,  Royal  Laboratory,  Royal  Arsenal, 

Woolwich. 
1888.  Brown,  Frederick  Gill.-;,  Messrs.  Brown  and  David,  Australian  Chambers, 

Queen    Street,    Brisbane,   Queensland ;    and    care    of    Commissioner, 

Australian  Irrigation  Colonies,  35  Queen  Victoria  Street,  London,  B.C. 

1881.  Brown,  George  William,   Messrs.  Huntley  Boorno  and  Stevens,  Reading 

Tin  Works,  Reading. 
1863.  Brown,  Henry,  13  Summer  Row,  Birmingham. 

1887.  Brown,  James,  Sir  W.  G.  Armstrong  Mitchell  and  Co.,  Elswick  Engine 

Works,  Newcastle-on-Tj-ne. 
1884.  Brown,  Oswald,  2  Victoria  Mansions,  28  Victoria   Street,   Westminster,. 
S.W.     [^Acqua,  London.'] 

1888.  Brown,  William,  Messrs.  W.  Simons  and  Co.,  Loudon  Works,  Renfrew. 

1887.  Browne,  Frederick  John,  Tay  Creggau,  Ealing  Dean,  London,  W. 

1874.  Brosvne,  Tomyns  Reginald,  District  Locomotive  Superintendent,  East 
Indian  Railway,  Asansol,  Bengal,  India ;  care  of  Messrs.  W.  Watson 
and  Co.,  27  Lcadenhall  Street,  London,  E.C. 

1874.  Bruce,  Sir  George  Barclay,  2  Westminster  Chambers,  3  Victoria  Street, 
Westminster,  S.W. 

1889.  Bruce,  Robert,  Ethelburga  House,  70  and  71  Bishopsgate  Street  Within,. 

London,  E.C. 
1867.  Bruce,  William  Dufi',  Vice-Chairman,  Port   Commission,   Calcutta  ;  and 
23  Rowland  Gardens,  South  Kensington.  London,  S.W. 

1888.  Bruff,  Charles   Clarke,  Coalport  China   Co.,  Coalport,   near  Ironbridge, 

Salop. 
1873.  Brunei,  Henry  Marc,  23  Delahay  Street,  Westminster,  S.W.     [3024.] 
1870.  Brunlees,  Sir  James,  F.R.S.E.,  12  Victoria  t?treet,  Westminster,  S.W. 

1887.  Brunton,  Philip  George,  Resident  Engineer,  Department  of  Roads   and 

Bridges,  Public  Works  Office,  Sydney,  Xew  Soutli  Wales :  (or  care  of 
J.  D.  Brunton,  19  Great  George  Street,  Westminster,  S.W.) 
1S84.  Bryan,  William  B.,  Engineer,   East   London  Water   Works,  Old   Ford, 
London,  E. 

1888.  Bryce-Douglas,  Archibald  Douglas.  Naval  Construction  and  Armaments 

Works,  Barrow-in-Furness. 
1873.  Buckley,  Robert  Burton,  Executive  Engineer,  with  Supreme  Government 

of   India :    (or  care  of   H.    Burton   Buckley,   1   St.   Mary's  Terrace,. 

Paddington,  London,  W.) 
1877,  Buckley,  Samuel,  Messrs.  Buckley  and  Taylor,  Castle  Iron  Works,  Oldham.. 
188G.  Buckney,  Thomas,  Messrs.  E.  Dent  and  Co.,  Gl  Strand,  London,  W.C. 
1887.  Buckton,  Walter,  27  Ladbroke  Square,  London,  W. 
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1878.  Bnddiconi,  Harry  AVilliam,  Plas-Deiwen,  Abergavenny. 

1872.  Bndenberg,  Arnold,  Messrs.  Schaeffer  and  Budenberg,  1   Soutbgate,  St. 

Mary's  Street,  Manchester,     [^Manometer,  Manchester.    899.] 
1882.  Budge,  Enrique,  Engineer-in-Chief,  Harbour  Works,  Valparaiso,  Chile  :  (or 

care  of  Messrs.  Kose-Innes  and  Co.,  90  Cannon  Street,  London,  E.G.) 

1881.  Bulkley,  Henry  Wheeler,  149  Broadway,  New  York. 

1884.  Bullock,  Joseph  Henry,  General  Manager,  Pelsall  Coal  and  Iron  Works,, 
near  Walsall. 

1882.  Bulmer,  John,  Spring  Garden  Engineering  Works,  Pitt  Street,  Newcastle- 

on-Tyne. 
1884.  Bunning,  Charles  Ziethen,  GG  Bishopgate  Street,  Xorwich. 
1884.  Bunt,  Thomas,  Superintendent   Engineer,  Kiangnan  Arsenal,  Shanghai, 

China  :  (or  care  of  E.  Pearce,  Lanarth  House,  Holders  Hill,  Hendon,. 

London,  N.W.) 

1884.  Bunting,  George  Albert,  Xational  Liberal  Club,  Whitehall  Place,  London,. 

S.W. 

1885.  Burder,  Walter  Chapman,  Messrs.  Messenger  and  Co.,  Lougliborough. 

1881.  Burn,  Kobert  Scott,  Oak  Lea,  Edgeley  Road,  near  Stockport. 

1878.  Burnett,  Robert  Harvey,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

Manchester. 
1878.  Biu-rell,  Charles,  Jun.,  Messrs.  Charles  Burrell  and   Sons,  St.  Nicholas 

Works,  Thetford.     [Burrdl,  Thetford.'] 

1885.  Burrell,  Frederick  John,  Messrs.  Charles  Burrell  and  Sons,  St.  Nicholas 

Works,  Thetford.     \_Burrell,  Thetford.'] 

1887.  Burstal,   Edward   Kynaston,   Engineer    to    the    Corporation    of    Oxford, 

Corporation  Water  Works,  Oxford. 
1877.  Burton,  Clerke,  22  Oakfield  Street,  Roath,  Cardiff. 
1884.  Butcher,  Joseph  John,  Edge  Moor  Iron  Works,  Post  Office,  Wilmington,. 

Delaware,  United  States. 

1882.  Butler,  Edmund,  Kirkstall  Forge,  near  Leeds.     [Forge,  Kirlcstall.'] 

1888.  Butter,  Frederick  Henry,  Carriage  Department,  Royal  Arsenal,  Woolwich  ;. 

and  4  Hanover  Road,  Brookhill  Park,  Phimstead. 

1887.  Caiger,  Emery  John,  Messrs.  W.  J.  Helraore  and  Co.,  51  Lime   Street.. 
London,  E.C. 

1889.  Callan,  William,  River  Plate  Fresh  Meat  Co.,  2  Coleman  Street,  London,. 

E.C. 

1886.  Cambridge,  Henry,  Stuart  Chambers,  Mount  Stuart  Square,  Cardiff. 
1877.  Campbell,  Angus,  Logic,  Mussoorie,  N.  W.  Provinces,  India. 

1880.  Campbell,    Daniel,   Messrs.   Campbell  and   Schultz,  90   Cannon   Street,. 

London,  E.C.     [Buhe,  London.     1893.] 
1869.  Campbell,  James,  Hunslet  Engine  Works,  Leeds.     [Engineco,  Leeds.] 
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1882.  Campbell,    John,    Messrs.    R.   W.   Deacon    and    Co.,   Kaliiuaas   Works, 

Soerabaya,  Java:    (or  care  of  R.  Campbell,    Slamat  Cottage,  Mount 

Vernon,  Glasgow.) 
1885.  Capito,   Charles  Alfred    Adolpli,   12   Prince's    Street,   Hanover   hfquarc, 

London,  W. ;  and  9  Belgrave  Terrace,  Lee,  London,  S.E. 
ISGO.  Curbutt,  Edward  Hamer,  19  Hyde  Park  Gardens,  Loudon,  W. 
1S7S.  Cardew,   Cornelius    Edward,   Locomotive  and  Carriage   Suiieriutendent, 

Indian  State  Railway  Establishment ;  care  of  Messrs.  King  King  and 

Co.,  Bombay,  India  :  (or  care  of  Rev.  J.  H.  Cardew,  Wingfield  Rectory, 

Trowbridge.) 

1875.  Cardozo,  Francisco  Correa   de   Mesquita  {Life  Meviler),  Messrs.  Cardozo 

and  Irmao,  Pernambuco  Engine  Works,  Pernambuco,  Brazil :  (or  care 
of  Messrs.  Fry  Miers  and  Co.,  8  Great  Winchester  Street,  London,  E.G.) 
1878,  Carlton,  Thomas  William,  Messrs.  Taite  and  Carlton,  63  Queen  Victoria 
Street,  London,  E.G.  [1G18.] ;  and  1  Canfield  Gardens,  Priory  Road, 
West  Hampstead,  London,  N.W. 

1887.  Carlyle,   Thomas,    Inspector  of    Ordnance    Machinery,   Royal  Artillery, 

Singapore  :  (or  72  Glyndon  Road,  Plumstead.) 
]  S69.  Carpmael,  Frederick,  106  Croxted  Road,  West  Dulwich,  Loudon,  S.E. 
18G6.  Carpmael,  William,  24  Southamjiton  Buildings,  Loudon,  W.C.    \_Carpiiiael, 

London.     2608.] 
1877.  Carr,  Robert,  Chief  Engineer,  London  and  India  Docks  Joint  Committee, 

Dock  House,  109  Leadenhall  Street,  London,  E.G. 
188i.  Carrick,  Henry,  Messrs.  Carrick  and  Wardale,  Redheugh  Engine  Works, 

Gateshead;  and  Holly  House,  Gateshead.     [Wardale,  Gateshead.'] 

1888.  Carrick,   Samuel    Stewart,    Superintendent    Engineer,  Shaw  Savill  and 

Albion  Steamship  Co.,  3-1  Leadenhall  Street,  London,  E.G. 
1874.  Carrington,  William  T.  H.,  72  Mark  Lane,  London,  E.G. 
1877.  Carter,  Claude,  Manager,  Messrs.  Hetherington  and  Co.,  Ancoats  Works, 

Pollard  Street,  Slanchester. 

1885.  Carter,  Herbert  Fuller,  La  Compaiiia  Unida,  Guanajuato,  Mexico  :  (or  care 

of  H.  M.  Carter,  1  Gresham  Buildings,  Basinghall  Sti-eet,  Loudon,  E.G.) 
1877.  Carter,    William,    Manager,     The    Hydraulic     Engineering     Company, 

Chester. 
ISSS.  Castle,  Frank,  Normal  School  of  Science,  South  Kensington,  Loudon,  S.W. 

1883.  Cawley,  George,  358  Strand,  Loudon,  W.C. 

1876.  Challen,  Stephen  William,  IMessrs.  Taylor  and  Challen,  Derwent  Foundry, 

60  and  62  Constitution  Hill,  Birmingham.     [Derwent,  Birmingham.'] 

1886.  Chalmers,  John  Reid,  52  Amwell  Street,  Claremont  Square,  London,  E.G. 

1884.  Chamberlain,  John,  Metropolitan  Gas  Works,  West  Melbourne,  Melbourne, 

Victoria  :  (or  care  of  J.  Chamberlain,  188  West  Ferry  Road,  Mill  wall, 
Poplar,  Loudon,  E.) 
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1887.  Chapman,  Alfred  Crawhall,  2  St.  Nicholas'  Buildings,  Newcastle-on-Tyne. 
1S88.  Chapman,  Arthiir,  Messrs.  Marillier  and   Edwards,    1    Hastings   Street, 

Calcutta,  ludia. 
1882.  Chapman,  Hedley,  Messrs.  Cliapman  Carverhill  and  Co..  Scotswood  Road, 

Ne-wcastle-on-Tyne. 

1866.  Chapman,   Henry,   69  Victoria   Street,  Westminster,  S.W. ;   and  10  Eue 

LaiBttej  Paris. 
1878.  Cliapman,   James   Gregson,  Messrs.  Fawcett    Preston  and   Co.,  Phcenis 

Foundry,   Liverpool;    and   25   Austinfriars,    London,    E.C.    [FaicceU, 

London.'] 
1885.  Chapman,  John,  Engineer,  Windsor  and  Eton  Water  Works,  Eton. 
1887.  Chapman,  Joseph  Cra^Yhall,  70  Chancery  Lane,  London,  W.C. 

1885.  Charnock,  George  Frederick,  Engineering  Department,  Technical  College, 

Bradford. 
1877.  Chater,  John,  Messrs.  Henry  Pooley  and  Son,  89  Fleet  Street,  London, 
E.C. 

1887.  Chatwin,    James,    Victoria     Works,     Great    Tindal     Street,    Ladywood, 

Birmingham. 

1872.  Chatwin,  Tliomas,    Victoria   Works,    Great    Tindal    Street,    Ladywood, 

Birmingham.     {^Chatwin,  Birmingham.'] 

1867.  Chatwood,   Samuel,   Lancasliire   Safe     and    Lock   Works,   Bolton ;    and 

Irwell  House,  Drinkwater  Park,  Prestwich,  near  Manchester. 

1873.  Cheesman,  William  Talbot,  Hartlepool  Eope  Works,  Hartlepool. 
1881.  Chilcott,  WilHam  Winsland,  The  Terrace,  H.M.  Dockyard,  Sheerness. 

1877.  Chisholm,    John,    Messrs.    William    Muir    and    Co.,    Sherborne    Street, 

Manchester  ;      and     30     Devonshire      Street,     Higher     Broughton, 
Manchester. 

1886.  Chittenden,    Edmund    Barrow,    Messrs.    Chittenden    Knight    and    Co., 

Sittingbourne  ;     and    Manor     House,    Off  ham,    West    Mailing,    near 
Maidstone. 
1857.  Chrimes,  Richard,  Moorgate  Grange,  Eotherham. 

1888.  Chubb,  Thomas  Lyon,  Ferro  Carril  del  Sud,  Buenos  Aires,  Argentine 

Republic. 
1880.  Churchward,  George  Dundas,  Locomotive  Superintendent,  China  Railway 

Company,  care  of   H.B.M.'s    Consulate,   Tientsin,  North  China :     (or 

care  of  A.  W.    Churchward,    London   Chatham  and  Dover  Railway, 

Queenborough  Pier,  Queenborough.) 
1871.  Clark,  Christopher  Fisher,  Mining  Engineer,  Garswood  Coal   and  Iron 

Co.,  Park  Lane  Collieries,  Wigan ;  and  Cranbury  Lodge,  Park  Lane, 

Wigan.   [^Park  Lane,  Wigan.] 

1878.  Clark,  Daniel  Kinnear,  8  Buckingham  Street,  Adelphi,  London,  W.C. 
1867.  Clark,  George,  Southwick  Engine  Works,  near  Sunderland. 
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1889.  Clark,  Tiiumns  Alexander,  Siiiieiiiiteiuleut  of  Woiksl.ops,  George  Ilcriot's 

Hospital  School,  Edinburgh. 
1889.  Clarke,  Francis,  Dane  John  Iron  Works,  Canterbury. 
1865.  Clarke,  John,   Messrs.    Hudswell    Clarke    and  Co.,    llaihvay   Foundry, 

Jack  Lane,  Leeds.     [Loco,  Leeds.    504.] 
1885.  Clarke,  Leslie,  132  Westbourne  T(a'race,  Hyde  Park,  Lond  >n,  W. 
1869.  Clarke,  William,  Messrs.  Clarke  Chapman  and  Guriiey,  Victoria  Works, 

South  Shore,  Gateshead. 
i870.  Clayton,  Nathaniel,  Messrs.  Clayton  and  Shuttle  worth,  Stamp  End  Iron 

Works,  Lincoln.     {^Claytons,  LAncoln.'] 
a  886.  Clayton,  Samuel,  St.  Thomas'  Engine  Works,  Suubridge  Koad,  Bradford. 
S882.  Clayton,  William  Wikeley,  Messrs.  Hudswell  Clarke  and  Co.,  Railway 

Foundry,  Jack  Lane,  Leeds.     [Loco,  Leeds.    504.] 
1871.  Cleminson,  James,  Dashwood  House,  9  New  Broad  Street,  London,  PIC. 

\_Catamarca,  London.'] 
1873.  Clench,  Frederick,  Messrs.  Eobey  and  Co.,  Globe  Iron  Works,  Lincoln. 

[Bdbey,  Lincoln.'] 
1885.  Clifton,  George  Bellamy,  Great  Western  Eailway  Electric  Light  Works, 

150  Westbourne  Terrace,  Paddington,  London,  W. 
1885.  Close,  John,  Jun.,  York  Engineering  Works,  Leeman  Road,  York. 
1885.  Clutterlnick,  Herbert,  52  High  Street,  Eedcar. 

1882.  Coates,  Joseph,  Messrs.  Robey  and  Co.,  Globe  Iron  Works,  Lincoln. 

1883.  Coath,  David   Decimus,  Agricultural   Implement  Works  and   Saw  Mill, 

Rangoon,  British  Burmah,  India. 
5881.  Cochrane,  Brodie,  Mining  Engineer,  Aldin  Grange,  Durham. 
1858.  Cochrane,  Charles,  Woodside  Iron  Works,  near  Dudley  ;  and  Green  Royde. 

Peduiore,  near  Stourbridge. 
1887.  Cochrane,  George,  Resident  Engineer,  London  Hydraulic  Power  Works, 

4G  Holland  Street,  Blackfriars  Road,  London,  S.E. 
1885.  Cochrane,  John,  Grahamston  Foimdry  and  Engine  Works,  Barrhead,  near 

Glasgow.     [^Cochrane,  Ban-head.] 
1869.  Cochrane,  Joseph  Bramah,  Woodside  Iron  Works,  near  Dudley. 
1868.  Cochrane,    William,    Mining     Engineer,    Elswick     Colliery,    Elswick, 

Newcastle-on-Tyne ;  and  Oakfield  House,  Gosforth,  Newcastle-on-Tyne. 
1864.  Coddington,   William,    M.P.,    Ordnance    Cotton    Mill,    Blackburn;    and 

Wycollar,  Blackburn. 
1889.  Coey,    Robert,    Assistant    Locomotive    Engineer,    Great    Southern    and 

Western  Railway,  luchicore  Works,  near  Dublin. 
1889.  Colani,  William  Newby,   Engineer,   Cable   Tramways,   Henderson   Row, 

Edinburgh. 

1884.  Cole,  Charles,  Messrs.  Cole  Booth  and  Co.,  Vulcan  Works,  Dudley  Ilill, 

Bradford. 
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3  878.  Cole,  John  William,  Messrs.  James  Martin  and  Co.,  Phcenix  Foundry, 
Gawler,  South  Australia :  (or  care  of  J.  C.  Lanyon,  27  Gresham  House, 
Old  Broad  Street,  London,  B.C.) 

1878.  Coles,  Henry  James,  Sumner  Street,  Southwark,  London,  S.E. 

1877.  Coley,  Henry,  Mansion  House  Chambers,  Queen  Victoria  Street,  London, 

E.G. 
1884.  Collenette,  Ralph,  38  Dixon  Street,  Rotherham. 
1888.  Colley,  Benjamin,  Laburnum  Villa,  "Westbromwich. 
1884.  Colquhoun,   James,    General    Manager,  Tredegar    Iron    Coal   and  Stee 

Works,  Tredegar. 
1884.  Coltman,  John  Charles,  Messrs.  Huram  Coltman  and  Son,  Engineering 

Works,  Meadow  Lane,  Loughborough. 

1878.  Colyer,  Frederick,  IS  Great  George  Street,  Westminster,  S.W. 

1888.  Combe,   Abram,   Messrs.   Combo   Barbour  and    Combe,    Falls    Foundry, 

Belfast. 

1889.  Common,  John  Freeland  Fergus,  4  Bute  Crescent,  Cardiff. 

1881.  Compton-Bracebridge,  John  Edward,  IMessrs.  Easton  and  Anderson, 
3  Whitehall  Place,  London,  S.W. 

1888.  Constantine,  Ezekiel  Grayson,  5a  New  Brown  Street.  Manchester. 

1874.  Conyers,  William,  Engineer,  New  Zealand  Pine  Works,  Invercargill, 
New  Zealand. 

1888.  Cook,  John  Joseph,  Messrs.  Robinson  Cooks  and  Co.,  Atlas  Foundry, 
St.  Helen's,  Lancashire. 

1877.  Cooper,  Arthur,  North  Eastern  Steel  Co.,  Royal  Exchange,  Middles- 
brough. 

1883.  Cooper,  Charles  Friend,  Messrs.  Paterson  and  Cooper,  Telegraph  Works, 

Pownall  Road,  Dalston,  London,  E.    [Patella,  London.     1140.] 

1877.  Cooper,  George,  Pencliffe,  Alleyne  Road,  West  Dulwich,  London,  S.E. 
1874.  Cooper,  William,  Neptune  Engine  Works,  Hull.     [Ncjyfiine,  IIuU.'} 

^S81.  Coote,  Arthur,  Messrs.  R.  and  W.  Hawthorn  Leslie  and  Co.,  Hebburu, 
Newcastle-on-Tyne. 

1881.  Copeland,  Charles  John,  Messrs.  Westray  Copeland  and  Co.,  Barrow-in- 
Furness.     [Engine,  Barron:-hi-Furtiess.'\ 

1S85.  Ooppee,  Evcnee,  223  Avenue  Louise,  Bruxelles,  Belgium. 

1884.  Corder,  George  Alexander,  74  Ivydale  Road,  Nunliead,  London,  S.E. 

1878.  Comes,  Cornelius,  6  Norfolk  Crescent,  Batli,  [Stotliert,  Comes,  Bath.']  ;  and 

76  Cannon  Street,  Loudon,  E.C.     [Stotliert,  Comes,  London.'] 
1848.  Corry,  Edward,  9  New  Broad  Street,  London,  E.C. 
XSSI.  Cesser,  Thomas,  McLeod  Road  Iron  Works,  Kurrachee,  India  :  (or  care  of 

Messrs.   Ironside   Gyles  and   Co.,    1    Greshain    Buildings,   Guildhall, 

London,  E.C.) 
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1884.  Cotton,    Jolin,    Messrs.    E.    lUpley    ami    Sons,    Bowling    Dye    Works, 

Bradford. 
1875.  Cottrill,  Eobert  Nivin,  Beehive  Works,  Bolton.     {_Beehive,  Bolton."] 
1887.  Conlman,   Jolm,   Hull    and    Barnsley   Railway,   Spring    Head    Works, 

Hull. 
18G8.  Coulson.  William,  1  Pimlico,  Diirliani. 
1878.  Courtney,  Frank  Stuart,  3  Whitehall  Place,  London,  S.W. ;  and  7G  Redcliffo 

Square,  South  Kensington,  London,  S.W. 
1875.  Coward,  Edward,  ^Messrs.  Melland  and  Coward,  Cotton  IMills  and  Bleaeli 

Works,  Heaton  Mersey,  near  Manchester. 
1875.  Cowen,  Edward  Samuel,  Messrs.  G.   R.   Cowen   and   Co.,  Beck   Works, 

Brook  Street,  Nottingham  ;  and  9  The  Ropewalk,  Nottingham.  [Coiccn, 

Nottingham.     87.] 
1880.  Cowper,  Charles  Edward,  6  Great  George  Street,  Westminster,  S.W. 
1847.  Cowper,  Edward  Alfred,  6  Great  George  Street,  Westminster,  S.W. 
1878.  Coxhead,  Frederick  Carley,  27  Leadenhall  Street,  London,  E.C. 
1887.  Crabbe,  Alexander,  Champdany  Jute  Works,  Serampore,  Bengal. 

1883.  Crampton,  George,  14  Victoria  Street,  Westminster,  S.W. 

1882.  Craven,    John,  IMessrs.  Smith   Beaeock  and  Tannett,  "Victoria  Foundry, 

Leeds. 
1871.  Craven,  Joseph,  Messrs.  Smitli  Beacock  and  Tannett,  Victoria  Foundry, 

Leeds. 
186G.  Craven,  William,  Vauxhall  Iron  Works,  Osborne  Street,  Manchester. 
1889.  Cribb,   Frederick  .James,  IMessrs.  Marshall  Sons  and  Co.,  Britannia  L-on 

Works,  Gainsborough. 

1884.  Crighton,  John,  Union   Engineering   Co.,  2   Clarence   Buildings,   Booth 

Street,  Manchester. 
1873.  Crippin,    Edward    Frederic,    Mining    Engineer,    Brynu    Hall    Colliery, 

Ashton,  near  Wigan. 
18S3.  Croft,  Henry,  Chemanns,  Vancouver  Island. 
1878.  Crohn,    Frederick    William,    16    Burney    Street,    Greenwich,    London, 

S.E. 
1S77.  Crompton,  Rookes  Evelyn  Bell,  Arc  Works,  Chelmsford;    and   Mansion 

House  Buildings,   Queen  Victoria   Street,   London,   E.C.     ICromjJton, 

Chelmsford.'] 
1884.  Crook,    Charles    Alexander,   Telegraph    Construction    and   Maintenance 

Works,  Enderby's  Wharf,  East  Greenwich,  London,  S.E. 
1881.  Crosland,   James    Foyell   Lovelock,   Chief   Engineer,    Boiler   Insurance 

and  Steam  Power  Co.,  67  King  Street,  Manchester. 
1865.  Cross,  James,  Messrs.  John  Hutchinson  and  Co.,  Alkali  Works,  Widnes ; 

and  Eirianfa,  Llangollen. 
1871.  Crossley,  William,  153  Queen  Street,  Glasgow.    [Crossle!/,  Glasgow.    584.] 
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1875.  Crossley,   William  John,  Messrs.  Crosslcy  Brothers,  Great  Marlborough 
Street,  Manchester.     [Crossley s,  Openshaw.'] 

1888.  Crowe,  George,  Albion  Cliambers,  Bute  Docks,  Cardiff. 

1882.  Cruickshank,  William  Douglass,  Chief  Government  Engineer   Survej'or, 
Marine  Board,  Sydney,  New  South  Wales. 

1886.  Cryer,     Thomas,     Mechanical    Engineering    Department,     Manchester 

Technical   School,  Princess  Street,   Manchester ;    and  Urmston,   near 
Manchester. 

1889.  Cullen,  William  Hart,  Resident  Engineer,  The  Aluminium  Co.,  Oldbury, 

near  Birmingham. 

1875.  Curtis,   Richard,  Messrs.  Curtis   Sons   and   Co.,  Phoenix  Works,  Chapel 

Street,  Manchester.     [Cartius,  Manchester.^ 

1887.  Cutler,  George  Benjamin,  Messrs.  Samuel  Cutler  and  Sous,  Providence 

Iron  Works,  Mill  wall,  London,  E.  ;  and  4  Westcombe  Park,  Blackheath, 
London,  S.E. 

1876.  Cutler,  Samuel,  Messrs.  Samuel  Cutler  and  Sons,  Providence  Iron  Works, 

Millwall,  London,  E.     ICutler,  3imwall.     5059.] 


1888.  Dadabhoy,  Cursetjee,  Messrs.  Shapurji  Sorabji  and  Co.,  Bombay  Foundry 

and  Engine  Works,  Khetwady,  Bombay,  India. 
1864.  Daglish,   George    Heaton,  Rock    Mount,   St.   Anne's    Road,    Aigburth, 

near  Liverpool.     [Daglish,  Aigburth.     2717.] 
1883.  D' Albert,   Charles,  IMessrs.    Hotchkiss    and    Co.,   6    Route   de  Gonesse, 

St.  Denis,  near  Paris ;    and    16  Rue  des  Chesneaux,   Montmorency, 

Seine-et-Oise,  France. 
1886.  Dale,  Thomas,  Townsend  Foundry,  Kirkcaldy. 

1889.  Dalgarno,  James  Robert,  Danesford,  Countess  Wells  Road,  Mannofield. 

Aberdeen. 
1881.  D'Alton,  Patrick  Walter,  London  Electric  Supply  Corporation,  Stowage 

Wharf,  Deptford,  London,  S.E. 
1866.  Daniel,   Edward  Freer,   Messrs.   Worthington    and    Co.,   The    Brcweiy, 

Burton-on-Trent ;  and  89  Derby  Street,  Burton-on-Trent. 
iS66.  Daniel,    William,    Messrs.   John   Fowler  and   Co.,   Steam    Plough  and 

Locomotive  Works,  Leeds ;  and  Fern  Bank,  Horsfortli,  Leeds. 
ISSS.  Darbishire,  James  Edward,  110  Cannon  Street,  Loudon,  E.C. 
1878.  Darwin,    Horace     (Life    Member),    The     Orchard,    Huntingdon     Road, 

Cambridge. 
1S73.  Davey,  Henry,  Messrs.  Hathorn  Davey  and  Co.,  Sun  Foundry,  Dewsbiu-y 

Road,     Leeds    [Sun    Foundry,     Leeds']  ;       and     3     Prince's     Street, 

Westminster,  S.W. 
1865.  Davidson,  James,  Crescent  Villa,  Lower  Eglinton  Road,  Plurestead. 
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1S84.  Davidson,  James  .Younjj;,   i:!  Fairhiwii  Avciiiit',  Acton  Grocn,  Cliiswirlc, 

Ijomlon,  W. 
1SS8.  Davidson,  Samuel  Cleland,  Sirocco  Worlcs,  Bridge  End,  Belfast. 
1884.  Davics,  Alfred  Herbert,  Kskell  Chambers,  Market  Place,  Nottingham. 
1880.  Davies,  Charles  Merson,  Locomotive  Carriage  and  Wagon  Superintendent. 

Bengal-Nagpnr^Railway,  Nagpur,  Central  Provinces,  India. 
I880.  Davies,   Edward   John  IMincs,   1(J5  Tachbrook   Street,  South   Belgravia. 

London,  S.W. 
187-1.  Davis,  Alfred,  2  St.  Ermiu'.s  IMansions,  Westminster,  S.W. 
1868.  Davis,  Henry  Wheeler,  5o  New  Broad  Street,  London,  E.C. 
1873,  Davis,    John    Henry,    Messrs.    Nasmyth   Wilson   and   Co.,   Bridgewatcr 

Foundry,  Patricrol't,  near  Manchester;  and  90  Cannon  Street,  London, 

E.G. 
]87G.  Davis,    Joseph,   Lancashire  and  Yorkshire   Piaihvay,   Engineei"'s   Office, 

Manchester. 
1877.  Davison,  John  Walter,  care  of  W.  G.  P.  Joyner,  Pirie  Chambers,  Pirie 

Street,  Adelaide,  South  Australia  :  (or  care  of  Alfred  L.  Sacrc',  GOQueeu 

"Victoria  Street,  London,  E.C.) 
lSS-1,  Davison,  Kobert,  Caledonian  Eailway,  Locomotive  Department,  St.  Rollox, 

Glasgow. 

1873.  Davy,  David,  Messrs.  Davy  Brothers,  Park  Iron  Works,  Sheffield.    IMolor, 

Sheffield.'] 

1883.  Daw,  James   Gilbert,  Messrs.   Nevill  Druce  and   Co.,  Llanelly    Copper 

Works,  Llanelly. 

1874.  Daw,  Samuel,  Stafta  Lodge,  South  Park  Hill  Road,  Croydon. 

1879.  Dawson,  Bernard,  110  Cannon  Street,  London,  E.C.     [Crociis,  London.']  ; 

and     The    Laurels,     Malvern     Link,    Blalvern.      [Heatlier,     Malvern 

Ltnh.] 
18G0.  Day,  St.   John  Vincent,  F.Pv.S.E.,    Cawder    House,   Bishopbriggs,   near 

Glasgow. 
1S8G.  Dayson,  William  Ogden,  Ebbw  Vale  Steel  Iron  and  Coal  Works,  Ebbw 

Vale,  E.S.O.,  Monmouthshire. 
1874.  Deacon,  George  Frederick,  Municipal  Offices,  Dale  Street,  Liverpool. 

1880.  Deacon,  Richard  William,  Messrs.  Samuel  Fisher  and  Co.,  Nile  Foundry^ 

Birmingham;  and  19  Clarendon  Road,  Edgbastou,  Birmingham. 
18G8.  Dean,  William,   Locomotive    Superintendent,    Great   Western    Railway, 

Swindon. 
1887.  Deas,  James,  Clyde  Navigation,  Glasgow. 
18G6.  Death,  Ephraim,  Messrs.  Death  and  EUwood,  Albert  Works,  Leicester, 

1884.  Dccauville,  Paul,  Portable  Railway  Works,  Petit  Bourg,  Seine  et  Oise, 

France.     [Decauville,  Corheil.] 
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1877.  Dees,  James  Gibson,  36  King  Street,  Wliitehaven. 

1889.  Defries,  Wolf,  Messrs.  Defrios  and  Sons,  l-i7  Houndsditch,  London,  E.  ^ 

and  4  Cleveland  Gardens,  Bayswater,  London,  W. 
1S5S.  Dempsey,  "William,  26  Great  George  Street,  Westminster,  S.W. 

1882.  Denison,    Samuel,    Messrs.    Samuel    Denison    and    Son,    Old   Grammar 

School  Foundry,  North  Street,  Leeds.     [^Weigh,  Leeds.     221.] 

1883.  Dennis,    William     Frederick,    101    Leadenhall     Street,    London,    E.G. 

\_Fredennis,  London.     559.] 
1SS8.  Dent,  Charles  Hastings,   Locomotive  Department,    London    and  North 

Western  Kailway,  Preston. 
1883.  Dick,  Frank  Wesley,  Newton  Steel  Works,  near  Glasgow. 
1880.  Dickinson,  John,    Palmer's   Hill    Engine   Works,   Sunderland.      [Bede, 

Sunderland.^ 

1875.  Dickinson,  William,  Messrs.  Easton  and  Anderson,  3  Whitehall   Place, 

London,  S.W. 

1888.  Dickson,  George  Manners,  Assistant  Engineer,   Calcutta   Water  Works, 

Municipal  Office,  Calcutta,  India. 

1886.  Dixon,  Eobert,  Messrs.  Dixon  and  Corbitt,  Teams  Hemp  and  Wire  Rope 

Works,  Gateshead.     [Dixon,  Gateshead.'] 

1883,  Dixon,  Samuel,  Messrs.  Kendall  and  Gent,  Victoria  Works,  Springfield, 

Salford,  Manchester.     [Tooh,  Manchester.'] 

1887.  Dixon,  William  Basil,  Earle's  Shipbuilding  and  Engineering  Works,  Hull. 

1872.  Dobson,   Benjamin    Alfred,   Messrs.    Dobson    and    Barlow,    Kay   Street 

Machine  Works,  Bolton.     [^Dobsons,  Bolton.] 

1873.  Dobson,  Eichard  Joseph  Caistor,  Suiker  Fabrick,  Kalibayor,  Banjoemas, 

Java  :    (or  care  of  Charles  E.  S.   Dobson,  4   Chesterfield   Buildings, 

Victoria  Park,  Clifton,  Bristol.) 
1880,  Dodd,   John,   Messrs.    Piatt   Brothers    and    Co.,   Hartford  Iron  Works, 

Oldham. 
1868.  Dodman,  Alfred,  Highgate  Foundry,  Lynn.    [Dodman,  Lijnn.] 

1889.  Dolby,  Ernest  Eichard,  Abbey  Buildings,  Prince's  Street,  Westminster, 

S.W. 
18S0.  Donald,  James,  care  of  J.  M.icfarlane  Gray,  St.  Kathariuc  Duck  House, 
Tower  Hill,  London,  E. 

1876.  Donaldson,  John,  Messrs.  John  I.  Thornycroft  and  Co.,  Steam  Yacht  and 

Launch  Builders,  Church  Wharf,  Cliiswick,  London,  W. ;   and  Tower 
House,  Tumham  Green. 
1873,  Donkin,  Bryan,  Jun.,  Messrs.  B.  Doukin  and  Co.,  Southwark  Park  Road, 
Bermondsey,  London,  S.E. 

1884.  Donnelly,  John,  45  Brockley  Road,  Loudon.  S.E.  ' 

1865,  Douglas,  Charles  Prattman,  Consett  Iron  Works,  near  Blackhill,  County 
Durham  ;  and  Parliament  Street,  Consett,  County  Durham. 
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1879.  Douglass,   Sir    James    Nicliolas,   F.R.S.,   Trinity   House,   Loudon,    E.G. 
[2242.] ;  and  Stella  House,  Dulwich,  Loudon,  S.E. 

1879.  Douglass,  William,  Chief  Engineer  to  the  Commissioners  of  Irish  Lights, 

Westmoreland  Street,  Dublin. 
1887.  Douglass,   William   Tregartlien,  Excentive   Engineer,  Bishop  Rock  and 

Eound  Island  Lighthouses,  Scilly  Islands;  and  Trinity  House,  London, 

E.C. 
1857.  Dove,  George,  Messrs.  Cowans  Sheldon  and   Co.,  St.   Nicholas   Engine 

and  Iron  Works,  Carlisle ;  and  Viewlield,  Stanwix,  near  Carlisle. 

1873.  Dove,   George,    Eedbouru  Hill   Iron   and   Coal   Co.,  Frodingham,  near 

Doncaster  [Redhaixm,   Frodingham.'] ;    and   Hatfield  House,   Hatfield, 

near  Doncaster. 
18G6.  Downey,  Alfred  C,   Messrs.   Downey  and   Co.,   Coatham    Iron   Works, 

Middlesbrough  ;  and  Post  Oflice  Chambers,  Middlesbrough. 
1881.  Dowson,  Joseph   Emerson,   3   Great    Queen   Street,   Westminster,   S.W. 

\_Gaseous,  Londoni] 
188G.  Doxford,   Charles  David,  Messrs.    William  Dosford  and   Sons,   Palliou 

Shipbuilding  and  Engine  Works,  Sunderland. 

1880.  Doxford,    Robert    Pile,    Messrs.    William    Doxford    and    Sons,    Pallion 

Shipbuilding  and  Engine  Works,  Sunderland. 

1874.  Dredge,  James,  35  Bedford  Street,  Strand,  London,  W.C,     [3663.] 

1886.  Drummond,  Dugald,   Locomotive   Superintendent,   Caledonian  Railway, 

St.  Rollox  Works,  Glasgow. 
1889.  Drummond,  Richard  Oliver  Gardner,  De  Beer's  Diamond   Mining  Co., 

Kimberley,  South  Africa. 
1877.  Diibs,  Charles  Ralph,  Messrs.  Diibs  and  Co.,  Glasgow  Locomotive  Works, 

Glasgow. 
1877.  Diibs,  Henry  John  Sillars,  Messrs.  Diibs  and  Co.,  Glasgow  Locomotive 

Works,  Glasgow. 

1885.  Duckering,  Charles,  Water  Side  Works,  Rosemary  Lane,  Lincoln. 

1880.  Duckham,  Frederic  Eliot,  Engineer,  Millwall  Docks,  London,  E. 

1881.  Duckham,   Heber,    184    Lewisham    Road,    Loudon,     S.E.      [Duchham, 

London^ 
1879.  Duncan,  David    John    Russell,   Messrs.   Duncan    Brothers,   2    Victoria 
Mansions,  28  Victoria  Street,  Westminster,  S.W.     [Doucine,  London.'}  ; 
and  10  Airlie  Gardens,  Campden  Hill,  Kensington,  London,  W. 

1886.  Duncan,  Norman,  Mechanical  Engineer  to   the  Municipality,  Rangoon, 

British  Burmah,  India. 
1870.  Dunlop,    James    Wilkie,  39   Delancey   Street,   Regent's    Park,   London, 

N.W. 
1S81.  Dunn,  Henry  Woodham,  Knysna,  Cape  Colony ;  and  Livonia,  Goldsmith 

Gardens,  Acton,  London,  W. 


1880.  MEMBERS.  XXVU 

1SS5.  Duvbam,  Frederick  William,  27  Leadenliall  Street,  London,  E.G.    [Oilring, 

London.']  ;  and  Glemham  Lodge,  New  Bar  net. 
1SS7.  Dymond,  George  Cecil,  Messrs.  W.  P.  Thompson  and  Co.,  G  Lord  Street, 

Liverpool. 
1S65.  Dyson,  Robert,  Messrs.  Owen  and  Dyson,  Eother  Iron  Works,  Eotherham. 

1880.  Eager,  John  Edward,  Messrs.  William  Crichton  and  Co.,  Engineering  and 

Shipbuilding  Works,  Abo,  Finland. 
1869.  Earnshaw,  William  Lawrence,  Superintending  Marine  Engineer,  South 

Eastern  Eailway,  Folkestone. 

1858.  Easton,  Edward,  11  Delahay  Street,  Westminster,  S.W. 

1884.  Eastwood,  Charles,  Manager,  Linacre  Gas  Works,  Liverpool. 

1885.  Eaton-Slioro,  George,  Borough  Engineer,  Temple  Chambers,  Crewe. 
1875.  Eaves,  William,  Engineer,  Messrs.  John  Brown  and  Co.,  Atlas  Steel  and 

Iron  Works,  Sheffield. 
1878.  Eckart,  William  Roberts,  Messrs.  Salkeld  and  Eckart,  632  Market  Street, 
P.  O.  Box'1844,  San  Francisco,  California,  United  States. 

1868.  Eddison,  Robert  William,  Messrs.  John  Fowler  and  Co.,  Steam  Plough 

and  Locomotive  Works,  Leeds. 
1S8G.  Ede,  Francis  Joseph,  Messrs.  Ede  Brothers,  Silchar,  Cachar,  India. 

1887.  Edlin,  Herbert  William,  Cradock,  Cape  Colony:  (or  The  Limes,  Ellertou 

Road,  Surbiton,  K.  O.,  Kingston-on-Thames. 
1883.  Edmiston,    James    Brown,    IMarine    Superintending    Engineer,    Messrs. 

Hamilton  Eraser  and  Co.,  K  Exchange  Buildings,  Liverpool ;  and  Ivy 

Cottage,  Highfield  Road,  Walton,  Liverpool. 
1871.  Edwards,  Edgar  James,  12  Dartmouth  Street,  Westminster,  S.W. ;  and  42 

Rye  Hill  Park,  Peckham,  London,  S.E. 
1877.  Edwards,  Frederick,  62  Bishopsgate  Street  Within,  London,  E.C. 

1888.  Ellery,  Heniy  George,  Messrs.  Gent  and  Co.,  Faraday  Works,  Leicester. 
1875.  Ellington,   Edward    Bayzand,   Hydraulic    Engineering  Works,   Chester; 

and  Hydraulic  Engineering  Co.,   Palace  Chambers,   9  Bridge  Street, 
Westminster,  S.W. 

1859.  Elliot,    Sir    George,     Bart.,    M.P.,     Houghton-le-Spring,     near     Fence 

Houses.     [Elliot  Company,  London.'] 
1883.  Elliott,  Henry  John,  Assistant   Manager,  Elliott's  Metal  Works,  Selly 
Oak,  near  Birmingham.     [Elmeco,  Birmingham.] 

1869.  EUiott,  Henry  Worton,  Selly  Oak  Works,  near  Birmingham.     [Elmeco, 

Birmingham.] 
1882.  Elliott,  Thomas  Graham,  Messrs.  Fairbairn  Naylor  Macplierson  and  Co., 

Wellington  Foundry,  Leeds. 
1880.  Ellis,  Oswald  William,  6  Grosvenor  Place,  Jesmond,  Newcastle-on-Tyne. 

[Robey,  Newcastle-on-Tyne.] 


XXVlll  MEMBERS.  1889. 

1885.  Elsworthy,  Edward  Iloutsou,  Messrs.  Richardson  and  Cruddas,  Byculla 

Iron  Works,  BomLay,  India. 
1875.  Elwell,  Thomas,  223  Avenue  de  Paris,  Plaine  St.  Denis,  Seine,  France. 
1878.  Elwin,  Charles,  London  County  Council,  Spring  Gardens,  Loudon,  S.W. 
1889.  Emetfc,    George   Ilenry   Hawkins,    Hojie    Foundry,   Uewshury.      [Emett, 

DeWHburij.'\ 
1885.  Errington,  AVilliani,  28    and    29    Insurance    Buildings,   Auckland,  Xcw 

Zealand.     [^liefunditur,  Aitcldand.'] 
1889.  Etches,  Harry,  Messrs.  Etches  Brothers,  Eastbourne  Engineering  "Woiks, 

Eastbourne. 
1884.  Etherington,  John,  39a  King  William'  Street,  London  Bridge,  London,  E.G. 

1887.  Evans,  Arthur  George,  Palace  Chambers,  9  Bridge  Street,  Westminster, 

S.W. 
188-1.  Evans,  David,  Barrow  Haematite  Steel  Works.  Barrow-in-Furness. 

1888.  Evans,  Joseph,  Culwell  Foundry,  AVolverhampton. 

J885.  Evans,  Richard  Kendall,  Engineering  Works,  Saudiacre,  near  Nottiugliam ; 

and  Whistou  Grange,  Rotlierham. 
1887.  Everard,  John  Breedon,  G  IMillstone  Lane.  Leicester. 
1887.  Everitt,  Nevill  Henry,  Patent  Shaft  Works,  Wednesbury. 
1864.  Everitt,  AVillinni  Edward,  Messrs.  Allen  Everitt  and  Sons,  Kingston  Metal 

Works,  Adderley  Street,  Birmingham ;  and  Finstal,  Bromsgrove. 
1881.  Eweu,  Thomas  Buttwell,  Smithfield  Works,  Sherlock  Street,  Birmingham. 


1869.  Faija,  Henry,  2  Great  Queen  Street,  Westminster,  S.W. 

1868.  Fairbairn,  Sir  Andrew,  Messrs.  Fairbairn   Naylor  Macpherson  and  Co., 

Wellington  Foundry,  Leeds ;  and  Askham  Richard,  York. 
1875.  Farcot,  Jean  Joseph   Leon,   Messrs.   Farcot  and   Sons,   Engine    Works, 

13  Avenue  de  la  Gare,  St.  Ouen,  France. 

1880.  Farcot,  Paul,  Messrs.  Farcot  and  Sons,  Engine  Works,  13  Avenue  de  la 

Gare,  St.  Ouen,  France. 
1867.  Fardon,   Thomas,    106   Queen   Victoria    Street,   London,    E.G.;    and    C3 
Collingdon  Street,  Luton. 

1881.  Farrar,  Sidney  Howard,  Messrs.  Howard  Farrar  and  Co.,  Port  Elizabeth, 

South  Africa;  and  69  Cornhill,  London,  E.C. 

1882.  Fawcett,  TlioQias  Constantine,  White  House  Engineering  Works,  Leeds. 

{^Fawcett,  Leeds.'] 
1884.  Fearfield,     John     Piggin,     Lace     Machine    Works,     Stapleford,     near 

Nottingham  ;       and     The     Ferns,    Stapleford,     near     Nottingham. 

IFearJield,  KottoHjham.'] 
1888.  Featherstone,    AVilliam  Bromley,   Engineer  and  Jlanager,  Dunualk  Gas 

Works,  Dundalk. 


1889.  MEMBKKS.  XXIX 

1S82,  Fecny,  Yictor  Isidore,   7  Queen  Victoria  Street,  Londou,  E.G.     \Vicfor 

Fetny,  London.^ 
IS76.  Fell,  John  Corrj-,  1   Queen  Victoria  Street,  London,  E.G. ;  and  Excelsior 

Works,  Old  Street,  London,  E.G. 
iS77.  Feuton,  James,  8  Great  George  Street,  Westminster,  S.W. 

1869.  Feuwick,    Cleuncll,    Victoria    Docks     Engine    Works,    Victoria    Docks, 

London,  E.     [Clennell,  London.'] 

1870.  Ferguson,  Henry  Tanner,  Torre  Mount,  Torquay. 

18SL  Ferguson,  William,  Harbour  Board,  Wellington,  New  Zealand  :  (or  care  of 

Montgomery  Ferguson,  81  James  Street,  Dublin.) 
iS54.  Fernie,  John,  P.  O.  Box,  Hutoliinson,  Kansas,  United  States. 
186G.  Fiddcs,  AValter,  GUpton  Villa,  Belgrave  Eoad,  Tyudall's  Park.  Bristol. 
1867.  Field,   Edward,    Ghandos    Ghambers,    22   Buckingham   Street,   Adeli'hi, 

London,  W.G. 
3  888.  Field,   Howard,  Messrs.   John   Bell    and    Sou,    11  Sa   Southwark  Street, 

London,  S.E. ;  and  Snuthall. 
1884.  Fielden,  Joseph  Petrie,  Messrs.  Thomas  Robinson  and  Son,  Railway  Works, 

Rochdale. 
1874.  Fielding,     John,     Messrs.     Fielding     and     Piatt,     Atlas     Iron    Works, 

Gloucester.     [Atlas,  Gloiicester.'] 

1887.  Firth,  William,  Water  Lane,  Leeds. 

1888.  Fischer,    Gustave    Joseph,    Resident    Engineer,    Railway    Department, 

Sydney,  New  South  Wales. 

1889.  Fisher,  Henry  Bedwell,  Locomotive  Works,  London  Brighton  and  South 

Goast  Railway,  Brighton. 
1884.  Fisher,  Henry  Oakden,  Engineer,  Taff  Vale  Railway,  Cardiff. 
1888.  FitzGerald,  Maurice  Frederick,  Professor  of  Engineering,  Queen's  College, 

Belfast. 
1877.  Flannery,  James  Fortescue,  9  Fenchurch  Street,  London,  E.G.     [2283.] 
1847.  Fletcher,  Edward,  2  Osborne  Avenue,  West  Jesmoud,  Newcastle-on-Tyue. 
1 SS3.  Fletcher,  George,  Masson  and  Atlas  Works,  Litchurch,  Derby. 
1872.  Fletcher,  Herbert,  Ladysliore    Colliery,    Little  Lever,  Bolton;    and  The 

Hollins,  Bolton. 
1SG7.  Fletcher,   Lavington   Evans,   Chief  Engineer,    Manchester   Steam   Users' 

Association,  9  Mount  Street,  Albert  Square,  Manchester.     ISteam  Users, 

Manchester.'} 
!8on.  Fogg,  Robert,  11  Queen  Anne's  Gate,  Westminster,  S.W, 
1887.  Foley,    Nelson,   Engineering    Manager,   Societa    Industriale    Napoletana 

Hawthorn-Guppy,  Naples,  Italy. 
18SG.  Folger,  William  Mayhew,  Commander,  United  States  Navy,  Bureau  of 

Ordnance,  Naval  Department,  Wasliington,  D.G.,  United  States. 


XXX  MEMBERS.  1880. 

1S77.  Forbes,    Daniel    Walker,    SmithflcM    Works,     New     lioad,    Clackwall, 

London,  E. 
1S82.  Forbes,  David  IMuncur,  Engiueir,  II.  M.  Mint,  Calcutta. 
1882.  Forbes,   William    (i!eorgo   Loudon    Stunrt,    Superintendent    of    General 

Workshops,  H.  M.  Mint,  Calcutta. 
1888.  Forster,  Alfred  Llewellyn,  Assistant  Engineer,  Newcastle  and  Gateshead 

Water  Works,  Newcastle-ou-Tyue. 

1888.  Forster,  Edward  John,  Messrs.  Chance  Brothers  and  Co.,  Glass  Works, 

Spon  Lane,  nenr  Birmingham. 
1882.  Forsyth,  Robert  Alexander,  Coiirtway,  G old  Tops,  Newport,  IMonmouthshire. 

1889.  Foster,  Ernest  Howard,  Messrs.  Henry  E.  W^orthington,  H.5  Broadway, 

New  York;  and  43  Rue  Lafayette,  Paris. 
188G.  Foster,  Frederick,  Messrs.   Barnett    and  Foster,   Niagara  Woiks,  Eagle 

Wharf  Road,  New  North  Road,  London,  N.     [^Drinls,  London.    306.] 
1889.  Foster,   Herbert  Anderton,   Messrs.   John   Foster  and   Sou,  Black  Dike 

Spinning  Mills,  Queensbury,  near  Bradford. 
1888.  Foster,  James,  Samarang,  Java  ;  and  Baltic  Chambers,  Sunderland.    [Jaru, 

Sunderland.'] 

1884.  Foster,  John  Slater,   Messrs.  Jones   and   Foster,  39  Bloomsbnry  Street, 

Birmingham. 
1882.  Fothergill,   John   Reed,    Superintendent   IMarine   Engineer,    1    Bathgate 

Terrace,  West  Hartlepool. 
1877.  Foulis,  William,  Engineer,  Glasgow  Corporation  Gas  Works,  42  Virginia 

Street,  Glasgow. 

1885.  Fourny,  Hector   Foster,  Earle's    Shipbuilding   and    Engineering  Works, 

Hull. 
18(JG.  Fowler,  George,  Basford  Hall,  near  Nottingham. 
1847.  Fowler,    Sir    John,    K.C.M.G.,    2    Queen    Square    Place,    Westminster, 

S.AV. 
1885.  Fowler,  William  Henry,  Chadtlerton  Iron  Works,  Irk  Yale,  Chadderton, 

near  Oldham, 
18G6.  Fox,  Sir  Douglas,  2  Victoria  Mansions,  28  Victoria  Street,  Westminster,  S.W. 
1875.  Fox,  Samson,  Leeds  Forge,  Leeds. 
1882.  Fox,  William,  Leeds  Forge,  Leeds. 

1884.  Frampton,   Edwin,    General    Engine  and    Boiler    Co.,    Hatcham    Iron 

Works,   Pomeroy  Street,   New  Cross   Road,   London,   S.E.     [Oxygen, 
London.  8007.] 
1888.  Francken,  W^illiam  Augustus,  Public  Works  Pepartment,  India ;  care  of 
Messrs.  Giindlay  Groom  auil  Co.,  Bombay,  India. 

1885.  Franki,  James  Peter,  Morts  Dock  and  Engineering  Co.,  MortsBay,  Sydney, 

New  South  Wales :  (or  care  of  Messrs.  Goldsbrough  Mort  and  Co.,  149 
Leadenhall  Street,  London,  E.C.) 
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1877.  Fraser,   John   Hazel],   Blessrs.    Fraser    Brothers,    Railway   Iron   "Works, 

Bromley,  London,  E.     IFressure,  London.     5420.] 
1888.  Frcnzcl,  Arthur  Benjamin,  49  Warren  Street,  New  York,  United  States. 
1870.  Frost,  William,  Manager,  Carlisle  Steel  and  Engine  Works,  Shetlleld;  and 

Woodhill,  Sheffield. 
18G6.  Fry,  Albert,  Bristol  Wagon  Works,  Lawrence  Hill,  Bristol. 
1886.  Fulton,  Arthur    Robert    William,  Resident    Engineer,  Wellington    and 

Manawatu  Railway,  Wellington,  New  Zealand. 
1884.  Furness,   Edward,   Knollcroft,  Knoll  Road,  Bexley,  S.O.,  Kent. 
1882.  Furrell,  Edward  Wyburd,  Bank  of  Commerce  Building,  St.  Louis,  Missouri, 

United  States. 


1887.  Gaertner,  Ernst,   I.  Fichtegasse  5,  Vienna,  Austria. 

1866.  Galloway,   Charles   John,   Messrs.    Galloways,    Knott    Mill    Iron   Works, 

Manchester.     [GaVoivay,  Manchester.'] 
1862.  Galton,  Sir  Douglas,  K.C.B.,  D.C.L.,  F.R.S.,  12  Chester  Street,  Grosvenor 

Place,  London,  S.W. 
1884.  Ganga    Ram,    Lala,    Executive    Engineer,    Public   Works     Dciiartnient, 

Amritsar,  Punjaub,  India. 

1882.  Garrett,  Frank,  Messrs.  Richard  Garrett  and  Sons,  Leiston  Works,  Leiston 

R.S.O.,  Sufifolk.     [Garretf,  Leiston.'] 

1867.  Gauntlett,  William  Henry,  33  Albert  Terrace,  Middlesbrough.    [Tyrometcr, 

Middlesbrough.'] 
1888.  Gaze,  Edward  Henry  James,  4  Victoria  Drive,  Mount  Florida,  Glasgow. 

1888.  Geddes,  Christopher,  Leeds  Forge,  Leeds. 

1880.  Geoghegan,  Samuel,  Messrs.  A.  Guinness  Son  and  Co.,  St.  James'  Gate 

Brewery,  Dublin.     \_Guinness,  Dublin.] 
1887.  Gibb,  Andrew,  Managing  Engineer,  Messrs.  Rait  and  Gardiner,  MillwaJl 

Docks,  London,  E. 
1S71.  Gibbins,    Richard    Cadbury,    Berkley    Street,    Birmingham.       \_Gibbim, 

BirmiiHjham.] 
1872.  Gilbert,  Ebenezer  Edwin,  Canada  Engine  Works,  Blontreal,  Canada. 

1883.  Gilchrist,  Percy  Carlyle,  Palace  Chambers,  9  Bridge  Street,  Westminster, 

S.W.     \_Gilchrist,  London];    and  Frognal  Bank,  Finchley  New  Road, 

Hampstead,  London,  N.W. 
1856.  Gilkes,  Edgar,  Westholme,  Grange -over- Sands,  via  Carnfortb,  Lancashire. 
1880.  Gill,  Charles,  Messrs.  Young  and  Gill,  Engineering  Works,  Java;    and 

Java  Lodge,  Beckenham. 

1889.  Gill,  Frederick   Henry,  IMessrs.  Kerr  Stuart  and  Co.,  20  Bucklersbury, 

London,  E.C. 
1866.  Gilroy,  George,  Engineer,  Incc  Hall  Colliery,  Wigan. 


XXXIX  MEMBEKP.  1889. 

-I88i.  Giinsoii,  ArtliiU'  James,  Messrs.  Gimsou  ami  Co.,  Engine  Works,  Vulciiii 

Street,  Leicester.     IGiinson,  Leicester.     G.] 
18S1.  GirJlostoue,  John  Ward,  Engineer,  Bri^tul  Ducks,  Bristol. 

1881.  Girdwood,  William  Wallace,  Indestructible  Packing  Works,  9  Lea  Place, 

East  India  Dock  Koad,  Poplar,  Tiondon,  E. 
ISTl.  Gjcrs,    Jolni,     ]\Ies.srs.    Gjers    INIills    and    Co.,    Ayresonie    Iron   Work.i, 

Middlesbrougb. 
1887.  Gledhill,  IMauassali,  Sir  Joseph  Wbitwortb  and  Co.,  Openshaw,  Manchester. 

1880.  Godfrey,   William  Bernard,  23  St.  Switbin's  Lane,  London,  EC. 
1S88.  Goft',  John,  JMessrs.  Salt  and  Co.,  The  Brewery,  Burton-on-Trent. 

1882.  Goldsmitli,  Alfred  Joseph,  Messrs.  John  Walker  and  Co.,  Union  Foundry 

and  Shipbnihling  Works,  IMaryborougb, Queensland:  (or  care  of  Messrs. 

James  McEwan  and  Co.,  27  Lombard  Sheet,  London,  E.C.) 
1879.  Goldswortliy,   Robert    Bruce,   Messrs.    Thomas   Goldsworthy    and    Sons, 

Britannia  Emeiy  Mills,  Hulme,  Manchester.    [_Gohhirorthij,  Manchester.'] 
1867.  Gooch.William  rrederick,Vulcan  Foundry,  Newton-le- Willows,  Lancashire. 

1884.  Good,  Ilenry,  Messrs.  Jardine  and  Co.,  Shanghai,  China :  care  of  Marine 

Engineers'  Institute,  Shanghai,  China. 
3877.  Goodbody,  Robert,  Messrs.  Goodbody,    Clashawauu  Jute  Factory,  Clara, 

near  Moate,  Ireland. 
18G9.  Goodeve,  Thomas  Minchin,  5  Crown  Office  Row,  Temple,  London,  E.C. 
1875.  Goudfellow,  George  Ben,  Messrs.  Goodfellow  and   IMatthews,  Hyde  Iron 

Works,  Hyde,  near  Manchester.     [^Goodfellow,  Hyde.'] 

1881.  Goodger,  Walter  William,  Messrs.  George  Fletcher  and  Co.,  Masson  and 

Atlas  Works,  Litchurch,  Derby. 

1885.  Goodwin,  Arnold,  Jun.,  5G  Sumner  Street,  South wark,  Loudon,  S.E. 
1889.  Goold,    William    Tom,   39    Queen   Victoria   Street,   London,   E.C;    and 

Broxbourne,  S.O.,  Herts. 
18G5.  GiJransson,  Goran  Fredrick,  Sand vik  Iron  Works,  near  Gefle,  Sweden :  (or 
care  of  James  Bird,  118  Cannon  Street,  London,  E.C.) 

1887.  Gordon,  Alexander,  Niles  Tool  Works,  and  Me^rsrs.  Gordon  and  Maxwell, 

Hamilton,  Ohio,  United  States. 
1875.  Gordon,  Robert,  Chief  Engineer  to  the  Government,  Bangkok,  Siam :  (or 
Guilsborough,  Northampton.) 

1888.  Gore,    Arthur     Saunders,    Locomotive     Superintendent,    Listowel     and 

Ballybuuion  Railway,  Listowel,  County  Kerry,  Ireland. 

1879.  Gorman,  William  Augustus,  Messrs.  Siebe  and  Gorman,  187  AVestminster 

Bridge  Road,  London,  S.E.     [_Sielie,  London.] 

1880.  Gottschalk,  Alexandre,  13  Rue  Auber,  Paris. 

1877.  Goulty,  Wallis  Rivers,  Messrs.  Wheatley  Kirk,  Price,  and  Goulty,  Albert 
Chambers,  Albert  Square,  IManchester.     [Indicator,  Manchester.] 
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JSS7.  Gourlay,  Cliailcs  Gersliom,  Messrs.  Gourlay  Brothers  and  Co.,  Dundee 

Foundry,  Dundee. 
.1S7S.  Grafton,  Alexander,  Vulcan  Works,  Bedford.     [Grafton,  Bedford.'] 
■1S(J5.  Gray,  John  Macfarlane,  Chief  Examiner  of  Engineers,  Marine  Department, 

Board  of  Trade,  St.  Ivathariuo  Dock  House,  Tower  Hill,  London,  E. ; 

and  1  Claremont  lioad.  Forest  Gate,  London,  E.     [Yarg,  Londun.'] 
ilSTG.  Gray,  John   William,  Engineer,  Corjwration  Water  Works,  Broad  Street, 

Birmingham. 
ilS79.  Gray,  Thomas  Lowe,   Lloyd's  Register,  2  White   Lion   Court,  Cornhill, 

London,  E.C. ;   and  Eokesley   House,  St.  Michael's  Road,  Stockwell, 

London,  S.W, 
■iSTO.  Greathead,    James    Henrj',    S    Victoria    Ciiumljer.s,  15   Victoria    Street, 

Westminster,  S.W. 
1861.  Green,  Sir-  Edward,   Bart.,  M.P.,   Messrs.  E.  Green  and   Son,    Phoenix 

Works,  Wakefield. 
.1888.  Green,  Henry  Joseph   Kersting,  Engineer,  Bislinauth  Tea  Co.,  Charalli 

Post  Office,  Assam,  Bengal. 
1871.  Greener,  John  Henry,  1.5  Walbrook,  Loudon,  E.C. 

■  1878.  Greenwood,  Arthur,  Messrs.  Greenwood  and  Batley,  Albion  Works,  Leeds. 
•  1874.  Greenwood,  William  Henry,  Birmingham   Small  Arms   and   Metal  Co., 

Adderley  Park  Works,  Birmingham. 
.ISlJo.  Greig,    David,    Messrs.    John    Fowler    and    Co.,     Steam     Plough     and 

Locomotive  Works,  Leeds.     [Greig,  Fowler,  Leeds.     155.] 
ilSSo.  Greig,   David,   Juu.,  Messrs.  John  Fowler  and  Co.,   Steam  Plough  and 

Locomotive  Works,  Leeds. 

1879.  Grcnville,  Robert  Neville,  Butleigh  Court,  Ghistonbury. 

1880.  Gresham,   James,   Messrs.   Gresiiam  and   Craven,   Craven    Iron   Works, 

Ordsal  Lane,  Salford,  Manclie-ster.     [Brale,  Manchester.'] 

1883.  Grew,  Frederick,  care  of  F.  W.  Grew,  Victoria  Iron  Works,  Sowerby  Bridge. 
1874.  Grew,  Nathaniel,  Dashwood  House,  9  New  Broad  Street,  London,  E.C. 
\SijiJ.  Grice,  Edwin  James,  Beechwood,  Reigate. 

1884.  Giiffitlis,  James  E.,  Messrs.  Griffiths  and  Wills,  Merchants'  Exchange, 

Cardiff.     [Griffwill.  Cardiff.] 
1S78.  Griffiths,  John  Alfred,  O'Keefe  Estate,  South  Brisbane,  Queensland. 
1889.  Grimshaw,   James    Walter,   Resident    Engineer,   Harbours    and    Rivers 

Department,  Sydney,  New  South  Wales  ;  and  Australian  Club,  Sydney, 

New  South  Wales. 
1 879.  Grose,  Arthur,  Manager,  Vulcan  Iron  Works,  Guildhall  Road,  Nortliampton. 
I88G.  Grove,  David,  24  Friedrich  Strasse,  Berlin. 
1.S70.  Guilford,  Francis  Leaver,  Messrs.  G.  R.  Cowen   and    Co.,  Beck  Works, 

Brook  Street,  Nottingham.    [Cowen,  Nottingham.     87.] 
1 883.  Guinotte,  Lucien,  Mariemont  and  Bascoup  Collieries,  Mariemont,  Belgium 
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1S84.  Gulluid,  Jiimos  Ker,  Diamond  Drill  Co.,  8  Victoriii  Street,  Westminster, 

S.W.     [Gullaml,  London.'] 
ISSG   Guy,  Charles  Williams,  Laurel  Bank,  Pcngc,  London,  R.K. 
IS70.  Gwynne,  James  Eglinton  Anderson  (TAfe  Member),  Essex  Street  Works, 

Strand,  liOndon,  W.C.     {^G irynnerjiaui,  London.'] 
iSTO.  Gwynne,  John,  Iliunmcrsniith  Iron  Works,  Hammersmith,  London,  W. 


1 888.  Hadfield,  Robert  Abbott,  Hecla  Foundry  Steel  Works,  Sheffield.    {^Eadfield, 

Shrfidd.] 

1884.  Hall,  Albert  Francis,  George  F.  Blake  Manufacturing  Co.,  Ill  Federal 
Street,  Boston ;  and  3  Cordis  Street,  Charlestown,  Boston, 
Massachusetts,  United  States. 

1879.  Hull,  John  Francis,  IMcssrs.  W.  Jessop  and  Sons,  Brightside  Steel  Works, 

Shellield. 

1881.  Hall,  John   Percy,   Managing  Director,   Messrs.   John    Penn  and   Sons, 

Greenwich,  London,  S.E. 

1882.  Hall,  John  Willim,  Ivy  House,  Bilston. 

1874.  Hall,     Thomas    Bernard,    Patent    Nut    and    Bolt  Works,    Smethwick, 

near     Birmingham;      and     Inglcside,     Sandon     Road,     Edgbaston, 

Birmingham. 
188G.  Hall,  William  Jeremiah,  Harbour  Engineer,  Limerick,  Ireland. 
1871.  Hall,  William  Silver,  Messrs.   Takata  and  Co.,   Ginza  San  Chome  IS, 

Banchi,  Tokio,  Japan  ;  and  88  Bishopsgate  Street  Within,  London,  E.C. 

1889.  Hail-Biown,  Ebenezer,  Messrs.  Thomas  Richardson  and  Sons,  Hartlepool 

Engine  Works,  Hartlepool. 

1880.  Hallett,  John  Harry,  120  Powell's  Place,  Bute  Docks,  Cardiff.   [ConsHltinrj, 

Cardiff.] 
1871.  Halpin,  Druitt,  9  Victoria  Chambers,  17  Yictoria  Street,  Westminster, 

S.W.     [_IIa1pin,  London.     3075,  care  of  Victoria  Chambers  Co.] 
1888.  Hamilton,  Alfred  Geoige.  14  Griffin  Street,  York  Road,  London,  S.E. 

1875.  Hammond,      Walter      John,      Resident      Engineer      and      Locomotive 

Superintendent,    Paulista    Railway,   Jundiahy,    Suo    Paulo,    Brazil ; 

(or  care  of  Messrs.   Fry  Miers  and   Co.,  Suffolk  House,  5  Laurence 

Pountney  Hill,  Loudon,  E.C.) 
1 88G.  Hunbury,  John  James,  Resident  Engineer  and  Loccmotive  Superintendent, 

Metropolitan  Railway,  Neasden,  London,  N.W. 
1870.  Hannah,  Joseph  Edward,  Water  Works,  Winnipeg,  Manitoba,  Canada. 
1888.  Harada,  Torazo,  Superintending  Engineer,  Osaka  Shipping  Co.,  Osaka, 

Japan. 
1S8S.  Harding,  Thomas  Walter,  Tower  Works,  Leeds. 
1874.  Harding,  William  Bishop,  Zerge-utcza  13,  Budapest,  Hungary. 
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1881.  Hardingliam,  George  Gattou  Meliiuisb,  191  Fleet  Street,  London,  E.G. 

[Hardincjham,  London.^ 

1883.  Hardy,  John  George,  13  Rieniergasse,  Stadt,  Vienna. 

1869.  Harfield,  William  Horatio,  IVIansion   House   Buildings,   Queen   Victoria 

Street,  London,  E.G. 
1887.  Hargraves,  Ricliard,  Messrs.  B.  Donkin  and  Co.,  Soutlnvark  Park  Eoad, 

Bermondsey,  London,  S.E. 

1887.  Hargreaves,  John  Henry,  Messrs.  Hick   Hargi-eavcs  and  Co.,  Soho  Iron 

Works,  Crook  Street,  Bolton. 

1884.  Harker,   Harold    Hayes,    Locomotive    Superintendent,    Minas    and    Rio 

Railway,  Cruzeiro,  Rio  de  Janeiro,  Brazil :  (or  care  of  Jesse  T.  Curtis, 
Hill  Street,  Poole.) 
ISSS.  Harker,  William,   Blessrs.  Richard  Scbram  and  Co.,  17a   Great  George 
Street,  Westminster,  S.W. 

1888.  Harland,  Sir  Edward  James,  Bart.,  M.P.,  Messrs.   Harland    and    Wojft; 

Belfast;  Glenarm  Castle,  County  Antrim ;  and  24  Kensington  Palace 

Gardens,  London,  W. 
1873.  Harman,  Harry  Jones,  36  GaisforJ  Street,  Kentish  Town,  London,  X.W. 
1879.  Harris,  Henry  Graham,  5  Great  George  Street,  Westminster,  S.W. 

1885.  Harris,  John  Henry,  Worthington  Pumping  Engine  Co.,  153  Queen  Victoria 

Street,  London,  E.G.     [Tunvliarp,  London.'] 
1873.  Harris,  Richard  Henry,  03  Queen  Victoria  Street,  London,  E.C. ;  and  Oak 

Hill,  Surbiton,  R.O.,  near  Kingston-on-Thames. 
1877.  Harris,  William  Wallington,  Messrs.  A.  M.  Perkins  and  Son,  6  Seaford 

Street,  Regent  Square,  London,  W.C. ;  and  24  Alexandra  Villas,  Hornsey 

Park,  London,  N. 
1885.  Harrison,   Frederick    Henry,   Lincoln   Malleable    Iron    Works,    Lincoln. 

[^]\lalleahle,  Lincoln^ 
1888.  Harrison,  George,  Percy  Street,  Fartown,  Huddersfield. 
1885.  Harrison,  Joseph,  Normal  School  of  Science,  South  Kensington,  Loudon, 

S.W. 
1887.  Harrison,  Thomas  Henry,  Messrs.  Davey  Paxman  and  Co.,  139  Queen 

Victoria  Street,  London,  E.C. ;  and  22  Granville  Villas,  Earlsfield  Road, 

Wandsworth,  London,  S.W. 
1883.  Hart,  Frederick,  36  Prospect  Street,   Poughkeepsie,  New  York,   United 

States:    (or  care   of  A.  Pye-Smith,  Messrs.   Samuel   Osborn  and  Co., 

2  Victoria  Mansions,  28  Victoria  Street,  Westminster,  S.W.) 

1882.  Hart,  Norman,  London  Chatham  and  Dover  Railway,  Locomotive  (Marine) 

Department,  Dover. 
1872.  Hartnell,  Wilson,  Benson's  Buildings,  Park  Row,  Leeds. 
1882.  Harvey,  Charles  Randolph,  Messrs.  G.  and  A.  Harvcj',  Albion  Machine 

Works,  Govan,  near  Glasgow. 


XXXvi  MEMBEU8.  188f>.. 

1886.  Harvey,  John  Boyd,  The  Liv,  !|g|^^'itriile  Co.,  Oficiiia  Ramirez,  Ljuiqiie, 
Chile :  (or  care  of  Robert  Harvey,  12  Kensington  Gore,  London,  S.W.) 

1883.  Harvey,  Robert,  12  Kensington  Gore,  London,  S.W. 

1878.  Iliirwood,  Robert,  Soho  Iron  Works,  Bolton. 

1882.  Haskins,  John  Ferguson,  114a  Queen  Victoria  Street,  London,  E.G. 
IHnxlcins,  London.  1539.];  and  Falluhih,  York  Road,  West  Norwood, 
London,  S.E. 

1881.  Haslam,  Alfred  Seale,  Union  Foundry,  Derby.     [Zero,  Dcihtj.'] 

1855.  Haswell,  John  A.,  Eaveiisworth  Crescent,  Low  Fell,  near  Gateshead. 
1885.  Hatton,    Robert    James,   Henley's    Telegraph  AVorks,   North   Woolwieli. 

London,  E. 
1888.  Hattori,  Shiun-iclii,  Owari  Cotton  Mill,  Atsuta,  Owari,  Jajiaii. 
1857.  Haughton,  S.  Wilfred  (Life  Member),  Grecnbank,  Carlow,  Ireland. 

1878.  Haughton,  Thomas,  110  Cannon  Street,  London,  E.G.     [Ilaurjhnot,  London.'} 
1885.  Haughton,  Thomas  James,  27  Piccadilly,  London,  W. 

1861.  Hawkins,  William  Bailey,  39  Lombard  Street,  London,  E.G. 
1870.  Hawksley,  Giiarles,  30  Great  George  Street,  Westminster,  S.W. 

1856.  Hawksley,  Thomas,  F.R.S.,  30  Great  George  Street,  Westminster,  S.W. 
1873.  Hay,  James  A.  C,  SuperiTitendent  of  Machinery  to  the  War  Department, 

Royal  Arsenal,  Woolwich. 
1SS2.  Hayes,  Edward,  Watling  Works,  Stony  Stratford.  [Hayes,  Stony  Sira.f/ord.' 

1879.  Hayes,   John,   Messrs.   Gwynne   and  Co.,   Essex   Street  Works,   Strand, 

London,  W.C. ;  and  28  Connaught  Road,  Harlesden,  London,  N.W. 

1880.  Hayter,  Harrison,  33  Great  George  Street,  Westminster,  S.W. 

1888.  Head,  Harold  Ellershaw,  Messrs.  Conway  Brothers,  Pontrhydyrun  Works,. 

near  Newport,  Monmouthshire. 
1869.  Head,  Jeremiah,  Queen's  Square,  Middlesbrough,  [Head,  Middlesbrough.']  ; 

and  26  Lombard  Street,  London,  E.C. 
1873.  Headly,  Lawrance,  Exchange  Iron  Foundry  and  Tmijlemeut  Works,  Corn 

Exchange  Street,  Cambridge ;  and  1  Camden  Place,  Cambridge.   [VaneSy 

Cambridge.'] 

1857.  Healey,  Edward  Charles,  163  Strand,  Loudon,  W.C. 

1872.  Heap,  William,  9  Rumford  Place,  Liverpool.     [Metal,  Liverpool.     809.] 

1889.  Heath,   George  AVilson,   Jlessrs.   Heath    and    Co.,   Observatory   Works, 

Crayford,  Kent. 

1888.  Heatly,  Harry,  care  of  Jlessrs.  S.  K.  Daw  and  Co,  29  Clive  Street, 
Calcutta,  India. 

1875.  Heenan,  Richard  Hammersley,  Messrs.  Heenan  and  Froude,  Newton- 
Heath  Iron  Works,  near  Manchester.     [Spherical,  Nea-ton  Heath.] 

1879.  Henchman,  Humphrey,  English  Scottish  and  Australian  Chartered  Bank- 
Sydney,  New  South  AVales  :  (or  care  of  John  Henchman,  Uplands, 
.    Wallington,  Surrey.) 
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1869.  Henrlerson,  David  IMarr,  Engincer-iii-Chicf,  Imixrial   Maritime  Cusloins 

Service  of  China,  Shanghai,  China. 
]SS3.  Henderson,  John  Baillie,  Engineer  to  the  QueensUxnd  Government,  WaUr 

Supply  Department,  Brisbane,  Queensland. 
1SS3.  Henderson,  William,  Engineer,  South  East  Mysore  Gold  Mine,  near  Cohir 

Road,  Mysore,  India. 
1S7S.  Henesey,   Eichard,   Messrs.   Donald    Henesey   and   Coupcr,    Ripon    Iron 

Works,  Frere  Road,  Bombay ;  and  3  Beckett  Terrace,  Uxbridge. 
1SS8.  Henning,  Gustavus  Charles,  IS  Cedar  Street,  New  York,  United  States. 
1S79.  Henriques,  Cecil  Quixam,  113  Cannon  Street,  London,  E.C. 

1575.  Hepburn,    George,    Redcross     Chambers,     Redcross     Street,     Liverpool. 

[Hepburn,  Liverpool.'] 

1576.  Heppell,    Thomas,    Mining     Engineer,    Ouston     Collieries,     Chesti  i-l<  - 

Street. 
1884.  Hernu,  Arthur  Henry,  69  Yictoria  Street,  Westminster,  S.W. 

1884.  Hervey,  Matthew  Wilson,   Assistant   Engineer,   West    IMiddlcsex  Water 

Works,  Hammersmith,  London,  W. 
1879.  Hesketh,  Everard,  Messrs.  J.  and  E.  Hall,  Iron  Works,  Darfford.    ITh'shdli, 
Darfford.'] 

1872.  Hewlett,  Alfred,  Haseley  IManor,  Warwick. 

1887.  Hibbert,  George,  Hibbert's  Works,  Bank  Road,  Gateshead-on-Tyne. 

1871.  Hick,  John,  Blytton  Hull,  Whalley,  near  Blackburn. 

1SS5.  Hicken,  Thomas,  care  of  Don  Juan  Llona,  Casilla  350,  Santiago.  Chili  :  (or 

care  of  John  Hicken,  Bourton,  near  Rugby.) 
1864.  Hide,  Thomas  C,  4  Cullum  Street,  Fenchurch  Street,  London,  E.C. 
1879.  Higson,   Jacob,   Mining   Engineer,    Crown   Buildings,    IS    Booth    Street, 

Manchester. 
1871.  Hill,  Alfred  C,  Clay  Lane  Iron  Works,  South  Bank,  R.S.O.,  Yorkshiie. 
1889.  Hill,  Arthur  Ripley,  Messrs.  Hill  Brothers,  Xcvins  Foundry,  Hunslct, 

Leeds. 

1885.  Hill,  Robert  Anderson,  Royal  INTint,  Little  Tower  Hill,  London,  E. 

1882.  Hiller,   Henry,   Chief  Engineer,   National   Boiler    Insurance    Company, 
22  St.  Ann's  Square,  Manchester. 

1873.  Hilton,  Franklin,   Chief  Engineer,   Messrs.   Bolckow  Yauglian  and  Co., 

Iron  Works,  INIiddlesbrough  :  and  South  Bank,  R.S.O.,  Yorkshire, 
1876.  Hind,  Thomas  William,  Messrs.  Henry  Hind  and  Son,  Central  Engineering 

Tool  Works,  Queen's  Road,  Nottingham  [IJiiKh  Xoffiiujliam.'];  and  62. 

Blackfriars  Road,  London,  S.E. 
1885.  Hindniarsh,  Thomas,  303  King  Street  West,  Hammersmith,  London,  W.. 
1887.  Hindson,  William,  Messrs.  J.  Abbot  and  Co.,  Pari:  Worlcs.  Gateshead. 
1870.  Hodges,  Petronius,  142  Burngreave  Road,  ShetlieM. 
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ISSO.  Hodgson,  Charles,  Messrs.  Saxby  and  Farmer,  Railway  Signal   Works, 

Canterbury  Road,  Kilburn,  London,  N.W. 
ISS'J.  Hodgson,  George  Herbert,  Tlioniton  Road,  Bradford. 
1SS2.  Uodson,  Richard,  Tliames  Iron  Works  and  Shipbuilding  Co.,  Blackwall, 

London,  E. 
188  k  Hogg,  William  Thomas,  Ram  Brewery,  Wandsworth,  Loudon,  S.W. 
18S!I.  Hoggins,  Alfred  Farquharson,  Messrs.   Fowler  Lancaster  &  Co.,  Albert 

Works,  Graham  Street,  Birmingham. 
18G6.  Ilolcroft,  Thomas,  Bilston  Foundry,  Bilston. 
1S8G.  Holden,  James,   Locomotive    Superiutemlcnt,    Great    Eastern    Railway, 

Stratford  Works,  London,  E. 

1884.  Holland,  Calvert  Bernard,  General  Manager,  Ebbw  Vale  Steel  Iron  and 

Coal  Works,  Ebbw  Vale,  R.S.O.,  Monmouthshire. 
1SS6.  Hollis,  Cliarles  William,  Messrs.  Ketton  and  Hollis,  Meadow  Tool  Works, 
May  field  Grove,  Nottingham. 

1885.  Hollis,  Henry  William,  North  Lodge,  Darlington. 

1883.  Holroyd,  John,  Tomlinson  Street,  Hulme,  IManchester.    [_Knit,  Manchester.^ 
1S8J.  Holroyd,  John  Herbert,  West's   Patent  Press  Company,  Etawab,  N.W. 

Provinces,  India. 
1SG3.  Holt,  Francis,  ISIidland  Railway,  Locomotive  Department,  Derby. 

1873.  Holt,  Henry  Percy,  The  Cedars,  Didsbury,  Mancliester. 

18G7.  Holt,  William  Lyster,  17  Parliament  Street,  Westminster,  S.W. 

1888.  Homan,  Harold,  Messrs.  Homan  and  Rodgers,  Dawson  Street,  Manchester. 
ISG7.  Homer,  Charles  James,  IMiuing  Engineer,  Ivy  House,  Stoke-upon-Trent. 
IS83.  Hooton,  William,  Continental  Lace-Machine  Works,  Great  Eastern  Street, 

Nottingham. 
18GG.  Hopkins,   John   Satchell,  Jesmond   Grove,    Highficld   Road,  Edgbaston, 

Birmingham. 
1885.  Ilopkinson,  Charles,  Werneth  Chambers,  20  Princess  Street,  Manchester. 
185G.  Hopkinson,     John,    luglewood,    St.     Margaret's    Road,    Bowdon,    near 

Altrincham. 

1874.  Hopkinson,  John,  Jun.,  D.Sc,  F.R.S.,  Messrs.  Chance  Brothers  and  Co., 

Lighthouse  Works,  near  Birmingham;    and  3  Westminster  Chambers, 

5  Victoria  Street,  Westminster,  S.W.     [3092.] 
1877.  Hopkinson,  Joseph,  Messrs.  JosejA  Hopkinson  and  Co.,  Britannia  Works, 

Huddersfield. 
1SS9.  ITopwood,  John,  Ijocomotive  Superintendent,  Argentine   Great  Western 

Railway,  Mendoza,  Argentine  Republic. 
1880.  Hornsby,  James,  Messrs.   Richard   Hornsby  and   Sons,  Spiltlegate  Iron 

Works,  Grantham.     [^Ilorndiijs,  Grantham.'] 

1889.  Horsfield,    Cooper,   Messrs.   Holroyd  Horsfield    and   Wilson,   Larchfield 

Foundrv,  Ilunslet  Road,  Leeds. 
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1873.  Horsley,  Charles,  22  Wharf  Road,  City  Road,  London,  N. 

18.58.  Horsley,    "William,    Whitehill     Point    Iron    AVorks,    Percy    Main,   near 

Newcastle-on-Tyne. 
1868.  Horton,  Enoch,  Alma  Works,  Darlastou,  near  Wednesbury. 
1871.  Horton,  George,  4  Cedars  Road,  Clapham  Common,  London,  S.W. 
1875.  Hosgood,  Thomas  Hopkin,  Richardson  Street,  Swansea. 
1889.  Hosken,  Richard,  Severn  Tunnel  Works,  Sudbrook,  near  Chepstow. 
1873.  Hoskin,  Richard,  1  East  Parade,  Sheffield. 

1888.  Hosking,  Thomas,  Messrs.   T.   and  J.   Hoskiiig,   Dockhead  Iron  Works, 

53  Parker's  Row,  Bermondsey,  London,  S.E. 
1866.  Houghton,  John  Campbell  Arthur,  Woodside  Iron  AYorks,  near  Dudley. 

1889.  Houghton,  Tliomas   Harry,   Water   Works,  Crown  Street,  Sydney,  New 

South  Wales  :  (or  care  of  Messrs.  James  Simpson  and  Co.,  101  Grosvenor 

Road,  Pimlico,  London,  S.W.) 
1887.  Houghton-Brown,  Ernest,  Messrs.  Houghton-Brown  Brothers,  Kingsbury 

Iron  Works,  Ballspond,  London,  X. 
1864.  Howard,  Eliot,  Messrs.  Hay  ward  Tyler  and   Co.,  84  Ujiper   Whitecross 

Street,  London,  E.C. 

1860.  Howard,    James,    Messrs.    J.   and  F.    Howard,   Britannia   Iron  Works, 

Bedford ;  and  Clapham  Park,  Bedfordshire. 
1879.  Howard,  James  Harold,  Britannia  Iron  Works,  Bedford;  and  Kempston 

Grange,  Bedford. 
1882.  Howard,  John  William,  78  Queen  Victoria  Street,  London,  E.C. 
1885.  Howarth,  William,  Manager,  Oldham  Boiler  Works,  Oldham.     ^Boilers, 

Oldham.'] 

1861.  Howell,  Joseph  Bennett,  Messrs.  Howell  and  Co.,  Brook  Steel  Works, 

Brookhill,  Sheffield.    [Howell,  Sheffield.] 
1877.  Howell,  Samuel  Earnshaw,  Messrs.  Howell  and  Co.,  Brook  Steel  Works, 

Brookhill,  Sheffield.     IHoicell,  Sheffield.'] 
1882.  Howl,  Edmund,  Messrs.  Lee  Howl  and  Co,  Tipton.     IRowl,  Tipton.] 
1877.  Hewlett,    Francis,    Messrs.    Henry    Clayton    Son    and    Howlett,    Atlas 

Works,   Woodfield    Road,    Harrow    Road,  London,   W.      [Brichpress, 

London.] 
1884.  Hoyle,  Frank  Edward,  Locomotive  Superintendent,  Bahia  and  San  Francisco 

Railway,   Periperi,   Bahia,    Brazil:    (or    care    of    Leonard  Micklem, 

Secretary,  Bahia  and  San  Francisco  Railway,  38  New  Broad  Street, 

London,  E.C.) 
1887.  Hoyle,  James  Rossiter,  Messrs.  Thomas  Firth  and  Sons,  Norfolk  Works, 

Sheffield. 
1882.  Hudson,  John  George,  Glenhaven,  Hayne  Road,  Beckenham. 
1884.  Hudson,  Robert,  Gildersome  Foundry,  near  Leeds   [Gildersome,  Leeds. 

14.];    and  Weetwood  Mount,  Headingley,  near  Leeds.    [454.] 

D 
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1881.  Hughes,  Eilward  William  Ma(;kenzie,  Locomotive  and  Carriage  Superin- 
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Pier,  London,  S.E. 
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1886.  Hunter,  John,  Messrs.  Campbells  and  Hunter,  Dolphin  Foundry,  Saynor 

Road,  Hunslet,  Leeds. 
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[_Venator,  London.'] 
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Campinas,  Sao  Paulo,  Brazil :  (or  care  of  Messrs.  Fry  Miers  and  Co., 

Suflfolk  House,  5  Laurence  Pountney  Hill,  London,  E.C.) 

1877.  Imray,  John,   Messrs.    Abel    and    Imray,    20    Southampton    Buildings, 
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1882.  Ingham,  William,  22  St.  Ann's  Square,  3Ianchester. 

1888.  Ingleby,  Joseph,  20  Mount  Street,  Manchester. 

1872.  Inman,  Charles  Arthur,  Messrs.  Clay  Inmau  and  Co.,  Birkenhead  Forge, 
Beaufort  Road,  Birkenhead. 

1883.  Instone,  Thomas,  22  Leadenhall  Buildings,  Leadenhall  Street,  London,  E.C. 

1889.  Irvine,  William  Charles,  Messrs.  Irvine  and  Co.,  Harbour  Dockyard,  West 

Hartlepool. 

1887.  Ivatt,  Henry  Alfred,  Locomotive  Engineer,  Great_Southern  and  Western 

Railway,  Inchicore  AVorks,  near  Dublin. 
1887.  Ivatts,  Lionel  Edward,  50  Avenue  de  la  Grande  Arme'c,  Paris, 
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1SS4.  Jacks,  Thomas  William  Moseley,  Patent  Shaft  Works,  "Wedneshury ;  and 

72  Stafford  Street,  Wedneshury. 
1S59.  Jackson,  Matthew  Murray,  47  Norton  Koad,  West  Brighton,  Brighton; 

and   care    of    Messrs.    Howard   and   Pitcairn,  155   Fenchurch   Street, 

London,  E.G. 
1847.  Jackson,    Peter    Rothwell,    Salford    Eolling    Mills,    Manchester ;    and 

Blackbrooke,  Pontrilas,  E.S.O.,  Herefordshire.     [JacTcsons,  Manchester.'] 
1873.  Jackson,  Samuel,  C.I.E.,  Locomotive  and  Carriage  Suijerintendent,  Great 

Indian  Peninsula  Railway,  Bombay. 
1886.  Jackson,  Thomas,  Yorkshire  College,  Leeds. 
1889.  Jackson,  William,  Thorn  Grove,  ]\Iannofield,  Aberdeen. 

1872.  Jackson,  William  Francis,  Sterndale  House,  Litton,  near  Stockport. 

1873.  Jacob,  Edward  Westley,  3  Wood  side  Terrace,  Grange  Road,  Darlington. 
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1878.  Jakeman,  Christopher  John  Wallace,  Manager,  Messrs.  Menyweather  and 
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1889.  James,  Charles  William,  Continental  Oxygen  Co.,  7  Rue  Gavarni,  Passy, 
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1877.  James,  Christopher,  4  Alexandra  Road,  Clifton,  Bristol. 

1877.  James,  John  William  Henry,  2  Victoria  Mansions,  28  Victoria   Street, 

Westminster,  S.W. 
1889.  James,  Reginald  William,  1  Queen  Victoria  Street,  Loudon,  E.C. 
1S79.  Jameson,  George,  Glencoriuac,  Bray,  Ireland. 
1881.  Jameson,  John,  Messrs.  Jameson  and  Sehaeffer,  Akenside  HUl,  Newcastle- 

on-Tyne.     [Jameson,  Neiocastle-on-Tijne.     226.] 
1888.  Jaques,    Lieut.    William    Henry,    Secretary    to     Ordnance    Committee, 

United  States ;  and  Bethlehem  Iron  Works,  Bethlehem,  Pa.,  United 

States. 
1888.  Jeejeebhoy,  Piroshaw  Bomanjee,  17  Church  Street,  Bombay,  India. 

1880.  Jefiferies,  John   Robert,  Messrs.  Ransomes    Sims   and    Jefferies,    Orwell 

Works,  Ipswich. 

1881.  Jefferiss,    Thomas,    ^lessrs.     Tangyes,     Cornwall     Works,     Soho,    near 

Birmingham.     [Tangues,  Birmingham.] 
18G3.  Jefireys,   Edward   Alexander,  Monk   Bridge   Iron    Works,   Leeds ;    and 
Hawkhills,  Chapel  Allerton,  Leeds.     [Gipton,  Leeds.     1614.] 

1877.  Jeifreys,   Edward  Homer,  5  Westminster   Chambers,  9  Victoria   Street, 

Westminster,  S.W. 
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W.C. 
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1889.  Jessop,  George,  London  and  Leicester  Steam-Crane  and  Engine  Workis, 
Leicester. 

1886.  Jewell,     Henry    William,    Messrs.    Jewell    and     Son,    City     Foundry, 

Winchester. 
18C3.  Johnson,  Bryan,  Ilydiaulic  Engineering  Works,  Cheater ;  and  34;  Kings 

Buildings,  Chester. 
1882.  Johnson,    Charles    Malcolm,    Inspector    of    Machinerj',    SuiKjrintending 

Engineer,   H.M.   Dockj-ard,   Bermuda;   and   11  Napier  Street,  Stoke, 

Devonport. 

1885.  Johnson,  John  Clarke,  Messrs.  James  Russell  and  Sons,  Crown  Tube  Works, 

Wednesbury. 
1S88.  Johnson,  Lawrence  Potter.  Assistant  Locomotive  Superintendent,  Burma 

State  Railway,  Inseiu,  British  Burma. 
1882.  Johnson,  Samuel,  Manager,  Globe  Cotton  and  Woollen  Machine  Works, 

Rochdale. 

1887.  Johnson,  Samuel  Henry,  Engineering  Works,  Carpenter's  Road,  Stratford, 

London,  E. 
1861.  Johnson,   Samuel  Waite,  Locomotive  Superintendent,  Midland  Railway, 
Derby. 

1886.  Johnson,  William,  3  Kirbey  Street,  Poplar,  London,  E. 

1888.  Johnson,  William,  Castlc-ton  Foundry  and  Engineering  Works,  Armley 

Road,  Leeds. 

1872.  Joicey,  Jacob  Gowland,  INIessrs.  J.  and  G.  Joicey  and  Co.,  Forth  Banks 

We^t  Factory,  Newcastle-on-Tyne.     [^Engines,  Netccastle-on-Tyne.'\ 
1882.  Jolin,  Philip,  35  Narrow  Wine   Street,   Bristol;   and   2  Elmdale  Road, 

Redland,  Bristol. 
1871.  Jones,  Charles   Henry,   Assistant   Locomotive   Superintendent,    Midland 

Railway,  Derby. 

1873.  Jones,  Edward,  Messrs.  Greenwood  and  Batley,  Albion  Works,  Leeds; 

and  De  Grey  Lodge,  De  Grey  Road,  Woodhouse  Lane,  Leeds. 
1884.  Joue.?,  Felix,  Messrs.  Jones  and  Foster,  39  Bloomsbury  Street,  Birmingham. 
1878.  Jones,  Frederick  Robert,  Superintending  Engineer,  Sirraoor  State,  Nahan, 

near  Umballa,  Punjaub,  India:  (or  care  of  IMessrs.  Richard  W.  Jones 

and  Co.,  Newport,  Monmouthshire.) 
1867.  Jones,   George    Edward,   Assistant    Locomotive    Superintendent,   North 

Western    Railway,   Saharunpur,  Punjaub,   India :    (or  care    of   Mrs. 

Edward  Jones,  9  Sydenham  Villas,  Cheltenham.) 
1878.  Jones,    Harry    Edward,    Engineer,    Commercial    Gas    Works,    Stepney, 

London,  E. 

1881.  Jones,    Herbert    Edward,   Locomotive    Department,    Midland    Railway, 

Manchester. 

1882.  Jones,  Samuel  Gilbert,  Hatherley  Court,  Gloucester. 
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1887.  Jones,  Thomas,  Central  Board  School,  Deansgate,  Manchester. 

1872,  Jones,  "William  Richard  Sumption,  Rajputana  State  Railway,  Ajmeer,  India : 

3  Xorthinnberland  Avenue,  Putney  :  (or  care  of  Messrs.  Henry  S.  King 

and  Co.,  45  Pall  Mall,  London,  S.W.) 

1883.  Jordan,  Edward,  Manager,  Cardiff  Junction  Dry  Dock  and  Engineering 

Works,  Cardiff. 
1880.  Joy,  David,  8  Victoria  Chambers,  15  Victoria  Street,  Westminster,  S.W.  ; 

and  Manor  Road  House,  Beckenham. 
1878.  Jiingermann,  Carl,  Maschinenbau  Actien  Gesellschaft  Vulcan,  Bredow  bei 

Stettin,  Germany. 

1884.  Justice,  Howard   Rudulph,    55   and    5G   Chancery  Lane,  London,  W.C. 

[Syng,  London.     2504.] 


1889.  Kanthack,  Ralph,  Sub-Manager,  Carl  Zeiss'  Optical  Works,  Jena,  Germany. 
1888.  Kapteyn,   Albert,   Westinghouse   Brake   Co.,  Canal   Road,   York    Road, 
King's  Cross,  London,  N. 

1882.  Keeling,  Herbert  Howard,  jMerlewnod,  ]->ltham. 

1869.  Keen,  Arthur,  Patent  Nut  and  Bolt  Works,  Smethwick,  near 
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1883.  Keen,  Francis  Watkins,  Patent  Nut  and  Bolt  Works,  Westbromwich. 

1867.  Kellett,  John,  Clayton  Street,  Wigan. 

1873.  Kelson,  Frederick  Colthurst,  Angra  Bank,  Waterloo  Park,  Waterloo,  near 

Liverpool. 
1881.  Kendal,    Ramsey,   Locomotive     Department,    North    Eastern    Railway, 

Gateshead. 
1879.  Kennedy,  Professor  Alexander  Blackie  William,  F.R.S.,  3  Prince's  Street, 

Westminster,  S.W. 
1863.  Kennedy,    John    Pitt,   Bombay    Baroda    and    Central    Indian   Railway, 

45  Finsbury  Circus,  London,  E.C. ;  and  29  Lupus  Street,  St.  George's 

Square,  Loudon,  S.W. 

1868.  Kennedy,  Thomas  Stuart,  Parkhill,  Wetherby. 

1875.  Kenrick,  George  Hamilton,  Messrs.  A.  Kenrick  and  Sons,  Spon  Lane, 
Westbromwich ;  and  Whetstone,  Somerset  Road,  Edgbaston,  Bu-mingham. 

1888.  Kershaw,  Frederic,  Evans  y  Livock,  228  Calle  Piedad,  Buenos  Aires, 
Argentine  Republic. 

1866.  Kershaw,  John,  Slarazion,  St.  Leonard's-on-Sea. 

1884.  Kershaw,  Thomas  Edward,  Chilvers  Coton  Foundry,  Nuneaton. 
1887.  Key,  Alexander,  36a  City  Buildhigs,  Old  Hall  Street,  Liverpool. 

1885.  Keydell,  Amaudus  Edmimd,  Lloyd's  Register  of  Shipping,  Dundee. 
1885.  Keyworth,   Thomas    Egertou,    Ferro    Carril    Buenos    Aires    y   Rosario, 

Campana,  Buenos  Aires,  Argentine  Republic. 
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1885.  Kidd,  Hector,  Colonial  Sugar  Refining  Co.,  Sydney,  New  South  Wales. 

1888.  Kikuehi,  Kyozo,  Superiutundent  Engineer,  Ilirano  Spinning  Mill,  Oaaka, 

Japan. 
1872.  King,  William,   Engineer,   Liverpool   United   Gaa  Works,  Duke   Street, 
Liverpool. 

1889.  Kirby,  Frank  Eugene,  Constructing  Engineer,  Detroit   Dry   Dock   Co., 

Detroit,  Michigan,  United  States. 
1872.  Kiik,    Alexander   Carnegie,   LL.D.,   Messrs.   Robert   Napier   and    Sons, 

Lancetield  House,  Gla.-^gow  ;  and  Govan  Park,  Govan,  Glasgow. 
1877.  Kirk,  Henry,  Messrs.  Kirk  Brothers  and  Co.,   New   Yard  Iron  Works, 

Workingion.     [^Kirhs,  Workington.'] 
1884.  Kirkaldy,  John,  40  West    India   Dock    Road,   Loudon,  E.     \_Cumimctum, 
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1875.  Kirkwood,  James,  Chief  Inspector  of  Machinery  for  Pei  Yang  Squadron; 

care  of  Commissioner  of  Customs,  Kowloou,  Hong  Kong,  China :   (or 

Melita  Cottage,  Denny.) 
18G4.  Kirtley,  William,  Locomotive  Superintendent,  London  Chatham  and  Dover 

Railway,  Longhedge  Works,  Wandsworth  Road,  London,  S.W.    [3005.] 
1859.  Kitson,  Sir  James,  Bart.,  Monk  Bridge  Iron  Works,  Leeds. 
18GS.  Kitson,  John  Hawthorn,  Airedale  Foundry,  Leeds,      [Airedale,  Leeds.] 
1874.  Klein,   Thorvald,   Suifolk  House,   5   Laurence   Pountney  Hill,   London, 

E.C. 
1889.  Knap,  Conrad,  11  Queen  Victoria  Street,  London,  E.C. 

1886.  Knight,  Charles  Albert,  Babcock  and  AVilcox  Boiler  Co.,  107  Hope  Street, 

Glasgow. 
1889.  Knox,  James,  Civil  and  Mechanical  Engineer,  Auckland,  New  Zealand: 
(or  care  of  E.  D.  Knox,  53  Belsize  Park  Gardens,  South  Hampstead, 
London,  N.W.) 
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Birkenhead. 
1872.  Laird,    William,    Messrs.     Laird    Brothers,    Birkenhead     Iruu     Works, 

Birkenhead. 
1883.  Lake,  William  Robert,  45  Southampton  Buildings,  London,  W.C.     [Scopo, 

London.] 
1878.  Lambourn,    Thomas    William,    Nanghton    Hall,    near    Bildcstou,   S.O., 

Suffolk. 
1881.  Langdon,  William,  Locomotive  Superintendent  and   Chief  Mechanical 

Engineer,  Rio  Tinto  Railway  and  Mines,  Huelva,  Spain  :  (or  care  of 

T.  C.  Langdon,  Tamar  Terrace,  Launceston.) 
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1881.  Lange,  Frederick  Montague  Townshend,  Messrs.  Lange's  Wool-Combing 

Works,  Saint  Acheul-les-Amiens,  Somme,  France. 
1877.  Lange,   Hermann  Ludwlg,  Manager,  Messrs.   Be3'er    Peacock  and   Co., 

Gorton  Foundiy,  Manchester. 
1879.  Langley,  Alfred  Andrew,  Engineer-in-Cliief,  Midland  Railway,  Derby. 
1879.  Lapage,  Richard  Herbert,   17   Austin  Friars,   London,   E.C.      [Lapcuje, 
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S.W. 

1881.  Lavalley,  Alexander,  48  Rue  de  Provence,  Paris. 
1867.  Lawrence,  Henry,  The  Grange  Iron  Works,  Durham. 

1874.  Laws,  William  George,  Borough  Engineer  and  Town  Surveyor,  Town 
Hall,  Newcastle-on-Tyne ;  and  5  Winchester  Terrace,  Newcastle-on- 
Tyne.     [Engineer,  Neiccastle-on-Tyne.'] 

1882.  Lawson,  Frederick   William,  Messrs.   Samuel  Lawson  and  Sons,  Hope 

Foundry,  Leeds. 

1870.  Layborn,   Daniel,   Messrs.  Layborn  Patterson    and    Co.,  Dutton   Street, 

Liverpool. 

1883.  Laycock,  William  S.,  Messrs.  Samuel  Laycock  and  Sons,  Horse-hair  Cloth 

Works,  Sheffield;  and  Ranmoor,  Sheffield. 
1860.  Lea,    Henry,   Messrs.  Henry   Lea   and   Thornbery,    38    Bennett's    Hill, 
Birmingham.     [Engineer,  Birmingham.     113.] 

1889.  Leaf,   Henry  Meredith,   Messrs.    Crompton    and    Co.,    Mansion    House 
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1883.  Leavitt,    Erasmus    Darwin,    Jun.,   604    Main    Street,    Cambridgeport, 

Massachusetts,  United  States. 
1865.  Ledger,  Josejih,  7  North  Terrace,  Darlington. 

1886.  Lee,  Charles  Eyre,  18  Newhall  Street,  Birmingham. 

1887.  Lee,  Cuthbert  Ridley,  Messrs.  J.  Coates  and  Co.,  Suffolk  House,  Laurence 

Fount ney  Hill,  London,  E.C. 

1862.  Lee,  J.  C.  Frank,  9  Park  Crescent,  Portland  Place,  London,  W. 

1871.  Lee,  William,  Messrs.  Lee  Clerk  and  Robinson,  Gospel  Oak  Iron  Works, 

Tipton  ;  and  110  Cannon  Street,  London,  E.C. 

1863.  Lees,   Samuel,   Messrs.   H.   Lees  and   Sons,   Park   Bridge  Iron   Works, 

Ashton-under-Lyne. 
1883.  Lennox,  John,  2  Victoria  Mansions,  28  Victoria  Street,  Westminster,  S.W. 
1858.  Leslie,  Andrew,  Coxlodge  Hall,  Newcastle-on-Tyne. 

1888.  Leslie,  Sir  Bradford,  K.C.I.E.,  Tarrangower,  Willesden  Lane,  Brondesbury, 
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1883.  Leslie,  Joseph,  Marine  Engineer,  Messrs.  Apcar  and  Co.,  Raddah  Bazar, 
Calcutta. 
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1878.  Lewis,  Gilbert,  Manager,  New  Bridge  Foundry,  Adelplii  Street,  Salford, 

Mancliester. 
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Mardy,  Aberdare. 
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Dundee. 
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Normal  School  of  Science,  South  Kensington,  London,  S.W. 

1867.  Lloyd,    Charles,  New   Athena3um   Club,   26   Suffolk   Street,   Pall  Mall, 
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1871.  Lloyd,  Francis  Henry,  James  Bridge  Steel  Works,  near  Wednesbury  [5fee/, 

Wednesbury']  ;  and  Wood  Green,  Wednesbury. 
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Whitecross  Street,  London,  E.C. 
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Street,  Westminster,  S.W. 
1884.  Logan,  Andrew  Linton,  Vulcan  Foundry,  Newton-le -Willows,  Lancashire. 
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1883.  Logan,   Robert   Patrick  Tredennick,  Engineer's   Office,  Great  Northern 

Railway  of  Ireland,  Dundalk. 
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Lane,  London,  W.C. ;   and  Northfield,  Oxford  lioad.  Upper  Teddington, 
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Grosvenor  Road,  Pimlico,  London,  S.W.    [ScrewcocT:,  London.'] 
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London,  W. 
1879.  Malcolm,    Bowman,    Locomotive   Superintendent,   Belfast   and   Northern 

Counties  Railway,  Belfast. 
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S.W. 
1862.  Majjpin,  Sir  Frederick  Thorpe,  Bart.,  M.P.,  Messrs.   Thomas  Turton  and 
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1875.  Mattos,  Antonio  (ionics  de,  Messrs.  Maylor  and  Co.,  Engineering  Works, 
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1862.  Miers,  Francis  C,  Messrs.  Fry  Miers  and  Co.,  Suffolk  House,  5  Laurence 
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1887.  Miles,  Frederick  Blumenthal,  Messrs.  Bement  Miles  and  Co.,  Callowhill 
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1883.  North,  Gamble,  Messrs.  North  and  Jewel,  Peruano  Nitrate  of  Soda  and 

Iodine  Works,  Iquique,  Chile  :  (or  care  of  John  T.  North,  Avery  House, 
Avery  Hill,  Eltham.) 
1882.  North,  John  Thomas,  Messrs.  North  Humphrey  and  Dickenson,  Engineering 
Works,  Iquique,   Chile;   Woolpack  Buildings,  3   Gracechurch   Street, 
London,  E.C. ;  and  Avery  House,  Avery  Hill,  Eltham. 

1878.  Northcott,  William  Henry,  General  Engine  and  Boiler  Co.,  Hatcham  Iron 

Works,  Pomeroy  Street,  New  Cross  Road,  London,  S.E. ;  and  7  St.  Mary's 
Road,  Peckham,  Loudon,  S.E.     \_Oxy(jen,  London.    8007.] 

1888.  Norton,  William  Eardlcy,  8  Great  George  Street,  Westminster,  S.W. 

1882.  Nunneley,  Thomas,  9  Beech  Grove  Terrace,  Leeds. 


1885.  Oakes,  Sir  Reginald  Louis,  Bart.,  York  Engineering  Works,  Leeman  Road, 

York. 
1S87.  O'Brien,  Benjamin  Thompson,  45  Fern  Grove,  Liverpool. 
1887.  O'Brien,  John  Owden,  Messrs.  W.  P.  Thompson  and  Co.,  Ducie  Buildings, 

6  Bank  Street,  Manchester. 
1868.  O'Connor,  Charles,  15  Wesley  Street,  Waterloo,  near  laverpool. 
18S8.  O'Donnell,  John  Patrick,  2  Great  George  Street,  Westminster,  S.W. ;   and 

Cambridge  Road,  New  Maiden,  S.O.,  Surrey.     \ODonnelJ,  London.'] 
1887.  O'Flyn,  John  Lucius,   Messrs.  L.  and   H.  Guerct  and  Co.,  Exchange, 

Cardiff. 
1889.  Ogden,    Fred,    Patent     Oifice,    25     Southampton     Buildings,    London, 

W.C. 

1886.  Ogle,  Percy  John,  4  Bishopsgate  Street  Within,  London,  E.C. 

1875.  Okes,  John  Charles  Raymond,  39  Queen  Victoria  Street,  London,  E.C. 
[^Oaktree,  London.'] 

1887.  Oliver,  Hedley,  6  Park  Hill  Road,  Harborue,  Birmingham. 

1882.  Orange,  James,  Surveyor  General's  Department,  Hong  Kong,  China  :  (or 
care  of  Mrs.  Mary  Orange,  2  West  End  Terrace,  Jersey.) 


1889.  MEMBERS.  IV 

1SS5,  Ormerod,   Richard   Oliver,   35   Philbeacli    Gardens,   South    Kensington, 

London,  S.W. 
1870.  Osborn,    Samuel,    Clyde    Steel    and    Iron   Works,    Sheffield.      lOshorn, 

Sheffield.^ 
1867.  Oughterson,  George  Blake,  care  of  Peter  Brotherhood,  Belvedere  Eoad, 

Lanibtth,  London,  S.E. 
1889.  Owen,  Thomas,  Midland  Railway,  Derby. 
1886.  Owen,  Thomas  Henry,  200  Newport  Road,  Cardiff. 


1868.  Paget,  Arthur,  Loughborough.      [Paget  Company,  Loucjhhoroiujh.'] 

ISll.  Panton,  William  Henry,  General  Manager,  Tees  Side  Iron  and  Engine 

Works,  Jtiddlesbrough.     [Teesside,  Middleshrough.'] 
\S11.  Park,  John  Carter,  Locomotive  Engineer,  North  London  Railway,  Bow, 

London,  E. 

1871.  Parke,  Frederick,  AVithnell  Fire  Clay  Works,  near  Chorley. 

1872.  Parker,    Thomas,    Locomotive     Carriage     and    Wagon    Superintendent, 

Manchester     Sheffield      and     Lincolnshire      Railway,     Gorton,     near 
Manchester. 

1888.  Parker,  Thomas,  Jun.,  Locomotive  Department,  Maucliester  Sheffield  and 

Lincolnshire  Railway,  Gorton,  near  Manchester. 

1879.  Parker,  Wilham,  Chief  Engineer  Surveyor,  Lloyd's  Register,  2  White  Lion 

Court,  Oornhill,  London,  E.C. 
1871.  Parkes,  Persehouse,  care  of  Messrs.  Henry  Persehouse  Parkes  and  Co., 

7  Goree  Piazzas,  Liverpool.     [Persehouse,  Liverpool.'] 

1881.  Parlane,  William,  Hong  Kong  Ice  Works,  Eastpoint,  Hong  Kong,  China. 
1886.  Parry,  Alfred,  Messrs.  Balmer  Lawrie  and  Co.,  103  Clive  Street,  Calcutta, 
India. 

1889.  Parry,  Evan  Henry,  Chief  Engineer,  South  Wales  and  Monmouthshire 

Boiler  Insurance  Co.,  10  Fisher  Street,  Swansea. 
1878.  Parsons,  The  Hon.  Richard  Clere,  Oak  Lea,  Wimbledon  Park,  Surrey. 
1886.  Passmore,  Frank  Bailey,  Mansion  House  Chambers,  II   Queen  Victoria 

Street,  London,  E.C.     [Knarf,  London.'] 

1880.  Paterson,    Walter     Saunders,    Bombay    Burmah    Trading    Corporation, 

Rangoon,  British  Burmah,  India  :  (or  care  of  Messrs.  Wallace  Brothers, 

8  Austin  Friars,  London,  E.C.) 

1877.  Paton,  John  McClure  Caldwell,  Messrs.  Manlove  Alliott  and  Co., 
Bloomsgrove  Works,  Ilkeston  Road,  Nottingham.  [Manloves, 
Nottingliam.] 

1881.  Patterson,  Anthony,  Dowlais  Iron  Works,  Dowlais. 

1883.  Pattison,  Giovanni,  Messrs.  C.  and  T.  T.  Pattison,  Engineering  Works, 
Naples.     [Pattison,  Naples.] 
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1S72.  Paxman,  James  Noah,  ]Mes.sr.s.  Duvt-y  Paxmaii  aiul  Co.,  Standard  Iron 
Works,  Colchester.     [^Faxmari,  Colchester.'] 

1880.  Peache,  James  Courthope,  Messrs.  Willans  and  Robinsoa,  Ferry  Works, 

Thames  Ditton. 
1S69.  Peacock,    Kalph,    Messrs.    Beyer    Peacock    and    Co.,    Gorton    Foundry, 

IManclicster. 
1847.  Peacock,  Richard,  M.V.,  IMessrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry, 

Manchester ;  and  Gorton  Hall,  Gorton,  near  Manchester. 
1879.  Pearce,  George  Cope,  Eyefields,  Ross. 
1873.  Pearce,    Richard,    Deputy   Carriage   and  Wagon    Superintendent,    East 

Indian  Railway,  Ilowrah,  Bengal,  India. 
1SG7.  Pearce,   Robert  Weljh,  Carriage  Superintendent,  East   Indian   Railway, 

Howrah,  Bengal,  India;  and  47  Gunterstone  Road,  West  Kensington, 

London,  W. 
ISS4.  Pearson,  Frank   Henry,  Earle's    Sliipbuildiug   and   Engineering  Works, 

Hull. 
18So.  Pearson,  Henry  William,  Engineer,  Bristol   Water  AVorks,  Small   Street, 

Bristol. 
1870.  Pearson,  Thomas  Henry,  Moss  Side  Iron  Works,  Ince,  near  Wigan. 

1883.  Peck,  Walter,    Government   Inspector    of    ^lachinery,    Auckland,   New 

Zealand  :  (or  care  of  Messrs.  J.  H.  Peck  and  Co.,  Wallgate,  Wigan.) 
1888.  Peel,  Charles  Edmund,  Quay  Parade,  Swansea. 

1884.  Penn,  George  Williams,  Lloyd's  Bute  Proving  House,  Cardiff. 

lt!73.  Penn,     John,     Blessrs.    John     Penn    and     Sons,      Marine     Engineers, 
Greenwich,  London,  S.E. 

1873.  Penn,    William,     Messrs.     John    Penn    and    Sons,    Marine    Engineers, 

Greenwich,  London,  S.E. 

1874.  Pepper,  Joseph  Ellershaw,  Clarence  Iron  Works,  Leeds. 
1874.  Percj',  Cornelius  McLeod,  King  Street,  Wigan. 

1861.  Perkins,  Loftus,  Messrs.  A.  M.  Perkins  and  Soxi,  6  Seaford  Street,  Regent 

Square,  London,  W.C. 
1879.  Perkins,    Stanhope,  Healey  Terrace,  Fairlield,  near  Manchester. 
1882.  Perry,  Alfred,  Messrs.   Chance  Brothers  and   Co.,   Lighthouse   Woiks, 

near  Birmingham. 
1865.  Perry,  William,  Claremont  Place,  Wednesbury. 
1882.  Petherick,  Vernon,  Messrs.  Petherick  and  Co.,  Elevator  and   Ilydraidic 

Engineers,  Box  104G,  General  Post  Office,  Sydney,  New  South  Wales. 

1881.  Philipson,  John,  Messrs.  Atkinson  and  Philipson,  Carriage  Manufactory, 

15  Pilgrim  Street,  Xewcastle-on-Tyne.     [^Carriage,  Neiccastle-on-T ijne. 
415.] 

1885.  Phillips,     Charles      David,     Emlyn     Engineering     Works,     Newport, 

Monmonthsliire.     [^Mticliinenj,  Newport,  3/o?i.] 
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18S5.  Philli]is,  Henry  Pariihara,  Assistant  Locomotive  Superintendent,  Burma 
State  Railway,  Yamethiu,  Upper  Burma. 

1878.  Phillips,  John,  Manager,  Messrs.  J.  and  G.  Rennie,  Albion  Iron  Works, 

Holland  Street,  Blackfriars  Road,  London,   S.E. ;  and   84   Blackfriars 
Road,  London,  S.E. 

1885.  Phillips,     Lionel,     Mining     Engineer,     Bultfonteiu      Diamond     Mine, 

Kimberley,  South  Africa;   and  care  of  H.  Eckstein,  Box  140,  Johannes- 
burg, Transvaal,  South  Africa. 

1879.  Phillips,  Robert  Edward,  Royal  Courts  Chambers,  70  and  72  Chancery 

Lane,  London,  W.C. ;  and  Rochelle,  Selhurst  Road,  South  Norwood, 
Loudon,  S.E.     [rhicijde,  London.'] 

1882.  Phipps,  Christopher  Edward,  Deputy  Locomotive  Superintendent,  IMadras 

Railway,  Perambore  Works,  Madras. 

1876.  Piercy,  Henry  James  Taylor,  Messrs.  Piercy  and  Co.,  Broad  Street  Engine 

Works,  Birmingham.    [Fiercy,  Birmingham.     20.] 

1877.  Pigot,  Thomas  Francis,  Professor  of  Engineering,  Royal  College  of  Science 

for  Ireland,  Dublin. 

1883.  Pillow,    Edward,    London    and    North    Western    Raihvaj-,     Locomotive 

Department,  Crewe. 
1876.  Pinel,  Charles  Louis,  Messrs.  Lethuillier  and  Pinel,  20  Rue  Meridienne, 

Rouen,  France.     [LetliuiUier  Pinel,  Rouen.'] 
1888.  Pirrie,  Norman,  EUerslie.  Ryton-on-Tyne,  R.S.O.,  Co.  Durham. 
1888.  Pirrie,  William  James,  Messrs.  Harland  and  Wolif,  Belfast. 
188.3.  Pitt.  Walter,  Messrs.  Stothert  and  Pitt,  Newark  Foundry,  Bath.    IStotherf, 

Bath.] 
1887.  Place,  John,  Jun.,  The  Bank,  Church  Street,  Mansfield. 
1871.  Piatt,  James,  Messrs.  Fielding  and  Piatt,  Atlas  Iron  Works,  Gloucester. 

[_AtJas,  Gloucester.] 
iS83.  Piatt,  James  Edward,  Messrs.    Piatt   Brothers   and   Co,   Hartford   Iron 

Works,  Oldham. 
1867.  Piatt,  Samuel  Radcliffe,  Jlessrs.  Piatt  Brothers  and  Co.,  Hartford  Iron 

Works,  Oldham. 
1S7S.  Platts,  John  Joseph,  Resident  Engineer,  Odessa  Water  Works,   Odessa, 

Russia. 
1869.  Plaj^er,  John,  Clydach  Foundry,  near  Swansea. 
1SS8.  Pogsou,     Joseph,     Manager    and    Engineer,     Huddersfield     Corporation 

Tramways,  Huddersfield. 

1886.  Pollock,  James,  Fenchurch  House,  5  and  7  Feuchurch  Street,  London,  E.G. 

[^Specific,  London.] 
1876.  Pollock,  Julius  Frederick  Moore,  Messrs.  Pollock  and  Pollock,  Longclose 
Works,  Newtown,  Leeds. 
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1876.  Pooley,  Henry,  Messrs.  Henry  Pooley  anil  Son,  Albion  Foundry,  Liverpool. 

[I'oolcy,  Jjlvtrpool.'} 

1864.  Potts,  Benjamin  Langfonl  Foster,  55  Chancery  Lane,  London,  W.C. ;   and 

117  CamherwcllGrove,  London,  S.E. 
1878.  Powell,  Henry  Coke,  23  Kue  St.   Julien,  Kouen,  France:  (or  care  of  C.  BI. 

Roffe,  1  Bedford  Eow,  London,  W.C.) 
1870.  Powell,  Thomas  (Son),  Messrs.  Thomas  and  T.  Powell,  23  Rue  St.  Juliei-, 

Eouen,  France. 
1874.  Powell,  Thomas  (Nephew),  Brynhyfryd,  Neath. 
18G7.  Pratchitt,    John,    Messrs.     Pratchitt    Brothers,     Denton     Iron     Works, 

Carlisle. 

1865.  Pratchitt,   William,   Messrs.    Pratchitt    Brothers,    Denton    Iron    Works, 

Carlisle. 

1855.  Pratten,  William  John,  Jlessrs.  Harland  and  Wolff,  Belfast. 
1882.  Presser,  Ernest  Charles  Antoine,  4  Salesas,  Madrid. 

1856.  Preston,    Francis,  Netherfield    House,    Kirkburton,    near    Huddersfield. 

[Preston,  Kirhhurlon.'] 

1877.  Price,  Henry  Sherley,  Messrs.  Wheatley  Kirk,  Price,  and  Goulty,  52  Queen 

Victoria  Street,  London,  E.C.     [Indices,  London.     1533.] 
18u6.  Price,    John,    General    Manager,    Messrs.   Palmer's    Shipbuilding    and 

Iron  Works,   Jarrow ;    and   6   Osborne  Villas,    Jesmond,   Newcastle- 

on-Tyne. 
1889.  Price,  John  Bennett,  Messrs.  Stevenson  and  Co.,  Canal  Foundry,  Preston. 
1859.  Price-Williams,    Eichard,    38     Parliament     Street,    Westminster,    S.W. 

[Sj)andrel,  London.'] 

1886.  Price-Williams,   Seymour   William,   38  Parliament   Street,  Westminster, 

S.W.     [SpcuidreJ,  London.] 
1874.  Prosser,  William  Henry,  Messrs.  Harfield  and  Co.,  Blaydon-on-Tyne. 
1885.  Pudan,  Oliver,  Chief  Engineer's  Office,  Cambria  Iron  Works,  Jolmstown, 

Pennsylvania,  U.S. :  (or  15  Princes  Street,  Yeovil.) 
1884.  Puplett,  Samuel,  5  Thornbury  Eoad,  Clapham  Park,  London,  S.W. 
186G.  Putnam,  AVilliam,  Darlington  Forge,  Darlington. 

1887.  Pyne,  Thomas  Salter,  care  of  H.H.  the  Ameer  of  Afghanistan,  Cabul ; 

care  of  Messrs.  Walsh  Lovett  and  Co.,  Calcutta,  India. 

1878.  Quillacq,  Augustus  de,  Societe   anonyme   de   Constructions  me'caniques 

d'Anziu,  Anzin  (Nord),  France. 

1870.  Eadcliffe,  William,  Camden  House,  25  Collegiate  Crescent,  SheflSeld. 
1878.  Eadford,  Richard  Heber,  15  St.  James'  Row,  Sheffield, 
1868.  Rafarel,  Frederic  William,  Cwmbran  Nut  and  Bolt  Works,  near  Newport, 
Monmouthshire. 
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1S84.  Eafarel,  "William  Claude,  Barnstaple  Foundry  and  Engineering  Works, 

Victoria  Road,  Barnstaple.     IRa/arel,  Barnstaple.'] 
1885.  Rainforth,  William,  Jun.,  Britannia  Iron  Works,  Lincoln,     [Eainfortlis, 

Lincoln.'] 
1878.  Rait,  Plenry  Milnes,  Messrs.  Rait  and  Gardiner,  155  Fenchurch  Street, 

London,  E.G.     [Repairs,  London.] 
1847.  Ramsbottom,  John,  Fernhiil,  Alderley  Edge,  Gheshire. 
1SG6.  Ramsden,  Sir  James,  Abbot's  Wood,  Barrow-in-Furness. 
1860.  Ransome,   Allen,    304  King's  Road,  Ghelsea,  London,   S.W.      [Ransome, 

London.] 
1S8G.  Ransome,  James  Edward,  Messrs.  Ransomes  Sims  and  Jetferies,  Orwell 

Works,  I[)awicli.     [^Ransomes,  Ijpswich.] 
1862.  Ransome,  Robert  James,  Messrs.  Ransomes  and  Rapier,  Waterside  Iron 

Works,  Ipswich.     [^Waterside,  Lpswich.] 
1873.  Rapier,  Richard   Ghristopher,   Messrs.  Ransomes   and  Rapier,  Waterside 

Iron  Works,  Ipswich ;  and  5  Westminster  Chambers,  9  Victoria  Street, 

Westminster,  S.W.     [Ransomes,  '^'estminster.] 

1888.  Rapley,  Frederick  Harvey,  Messrs.  J.  E.  and  M.  Clark  and  Co.,  Dashwood 

House,  London,  E.G. 

1889.  Ratcliife,  James  Thomas,  Fabric  von  Izr.  K.  Poznanski,  Lodz,  Russian 

Poland. 
1883.  Ruthbone,  Edgar  Philip,  Messrs.  Bewick  Moreing  and  Alford,  Box  563, 

Johannesburg,  Transvaal,   South  Africa :  (or  care  of  Messrs.  Bewick 

and  Moreing,  Suffolk  House,  Laurence  Pouutney  Hill,  London,  E.G. 
1867.  Ratliffe,  George,  81  Cannon  Street  Buildings,  139  Gannon  Street,  London, 

E.G. 
186'2.  Raveuhill,  John  R.,  Delaford,  Iver,  near  Uxbridge. 
1872.  Rawlins,   John,    Manager,   Metropolitan    Railway-Carriage   and    Wagon 

Works,  Saltley,  Birmingham.     [Metro,  Birminrjliam.] 
1883.  Reader,  Reuben,  Phoenix  Works,  Cremorne  Street,  Nottingham. 
1887.  Readhead,  Robert,  Messrs.  John  Readhead  and  Co.,  West  Docks,  South 

Shields. 

1882.  Reay,  Thomas  Purvis,  Messrs.  Kitson  and  Co.,  Airedale  Foundry,  Leeds. 
1881.  Redpath,   Francis   Robert,   Canada   Sugar   Refinery,   Montreal,    Canada. 

[Redpath,  3Iontreal.] 

1883.  Reed,  Alexander  Henry,  Suffolk  House,  Laurence  Pountuey  Hill,  Loudon, 

E.G.     [IVagon,  London.] 
1870.  Reed,  Sir  Edward   James,   K.C.B.,  M.P.,  F.R.S.,   Broadway  Chambers, 
Westminster,  S.W.     [Carnage,  London.] 

1884.  Rees,  William  Thomas,  Mining  Engineer,  Gadlys  Cottage,  Aberdare. 
1883.  Rcid,  James,  Messrs.    Xeilson   and  Co..  Hyde  Park   Locomotive   Works, 

Glasn-ow. 


1x  91KMBERS.  1889. 

1889.  Eondell,  Alan  'W'ooil,  J.ocomotivp  Carriugo  and  Wagou  Suptrintondent, 

Eastern    Bengal    Statu    llailway,    Kanflirajmra,    IJongal,    India :    (or 

Eavenswood,  Byciilla  I'aik,  Eniield.) 
1859.  Rennie,  George  Baidcs,  IMessrsj.   J.  and   G.  Rcnnie,  Albion  Iron  AVork«, 

Holland    Street,    Blackfriars   Road,   London,   S.E. ;   and  20    Lowndes 

Street,  Lowndes  Square,  London,  S.W. 
1879.  Rennie,  John  Keith,  jMessrs.  J.  and  G.  Rennie,  Albion  Iron  "Works,  Holland 

Street,  Blackfriars  Road,  London,  S.E. 

1881.  Rennoldson,  Joseph   ^liddleton,  Marine^  Engine  Works,  South   Shields. 

[Eennohlson,  South  Sliields.     11.] 
1876.  Eestler,  James  William,  Engineer,  Southwark  and  Vauxhall  Waterworks, 
Sumner  Street,  Southwark,  London,  S.E. 

1883,  Reuncrt,    Theodore,     Box     209,    Kimberlcy,    South    Africa;     Box    92, 

Johannesburg,  Transvaal,  South  Africa :  (or  care   of  Messrs.  Findlay 

Durham  and  Brodie,  61  St.  Mary  Axe,  London,  E.G.) 
1862.  Reynolds,  Edward,  Messrs.  Vickers   Sons  and   Co.,   River  Don  Works, 

Sheffield. 
1879.  Reynolds,  George  Bernard,  Assistant  Manager,  Wardha  Coal  State  Railway, 

Warora,  Central  Provinces,  India;  care  of  Messrs.  Grindlay  Groom  and 

Co.,  Bombay,  India. 

1882.  Rhodes,  Vincent,  Manager,  Messrs.  Hudson  Brothers,  Clyde  Engineering 

Works,     Granville,     near    Sydney,     New    South    Wales  :     (or    care 

of  Mrs.   E.   A.  ^  Rhodes,   5    Ainger    Terrace,    St.    Catherine's    Road, 

Grantham.) 
1866.  Richards,  Edward  Windsor,  Low  Moor  Iron  Works,  near  Bradford. 
1882.  Richards,   George,    Messrs.   George   Richards  and   Co.,   Athmtic   Works, 

Broadheath,  near  Manchester.     [Bichards,  Altrincham.'] 

1884.  Richards,  Lewis,  Dowlais  Iron  and  Steel  Works,  Dowlais. 

lS6o.  Richardson,  The  Hon.  Edward,  C.M.G.,  Wellington,  New  Zealand. 
1865.  Richardson,  John,  Methley  Park,  near  Leeds. 

1873.  Richardson,  John,  Messrs.  Robey  and  Co.,  Globe  Iron  Works,  Lincoln. 
1887.  Richardson,  Thomas,  Jun.,  Messrs.  T.  Richard.son  and   Sous,  Hartlepool 

Engine  Works,  Hartlepool. 
1859.  Richardson,   William,   Messrs.   Piatt   Brothers  and   Co.,    Hartford   Iron 

Works,  Oldham. 
1884.  Rielies,  Charles  Hurry,  Assistant  Locomotive  Superintendent,  Taff  Yale 

Railway,  Cardiff. 

1874.  Riches,  Tom  Hurry,  Locomotive  Superintendent,  Taff  Vale  Railway,  Cardifi'. 

[Locomotive,  Cardiff.'] 
1889.  Richmond,  Joseph,  New  Sun  Iron  Works,  Burdctt  Road,  Bow,  London,  E. ; 
and  30  Kirby  Street,  Hattou  Garden,  London,  E.C. 
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1573.  Rickaby,  Alfred  Austin,  Bloomficld  Engine  "Works,  Sunderland.     IRichahi/, 

Sunderland.^ 
1879.  Ridley,  James  Cartmoll,  Queen  Street,  Ne\vcastle-on-Tyne. 
1SS7.  Riekie,  John,  District  Locomotive  Superintendent,  North  Western  Railway, 

Hirokh,  Beluchistan,  India. ! 

1574.  Riley,  James,  General  Manager,  Steel  Company  of  Scotland,  150  Hope 

Street,  Glasgow. 
1884.  Ripper,  William,  Professor  of  Mechanical    Engineering,    The   Technical 

School,  St.  George's  Square,  Sheffield. 
1889.  Riva,  Eurico,  Locomotive  and  Carriage  Superintendent,  Rete  Adriatica, 

Ferrovie  iNIeridionale,  Florence,  Italy. 
1879.  Rixom,  Alfred  John,  1  Gordon  Villas,  Park  Road,  Loughborough. 
1887.  Roberts,  Thomas,  Locomotive  Engineer,  Goverument  Railways,  Adelaide, 

South  Australia. 
1879.  Roberts,  Thomas  Herbert,  Mechanical  Superintendent,  Chicago  and  Grand 

Trunk  Railway,  Detroit,  Michigan,  United  States. 

1887.  Roberts,  "William,  Argentine  Great  "Western  Railway,  Mendoza,  Argentine 

Republic. 
1879.  Robertson,  "William,  Messrs.  Boyd  and  Co.,  Engineers  and  Shipbuilders, 
Shanghai,   China :  (or  care  of  Herbert  J.  Stockton,  16  Philpot  Lane, 
London,  E.G.) 

1883.  Robins,  Edward,  105  Regent  Street,  London,  "W. 

1874.  Robinson,  Henry,  Professor  of  Surveying  and  Civil  Engineering,  King's 

College,   Strand,  London,  "W.C. ;    and   7  Westminster    Chambers,   13 

Victoria  Street,  Westminster,  S.W. 
1876.  Robinson,  James  Salkeld,  Messrs.  Thomas  Robinson  and  Son,  Railway 

Works,  Rochdale.     [Bobinson,  Bochdale.'] 
1859.  Robinson,  John,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works,  Glasgow ; 

and  West  wood  Hall,  Leek,  near  Stoke-upon-Trent. 
1886.  Robinson,  John,  Barry  Dock  and  Railways,  Barry,  near  Cardiff. 
1878.  Robinson,  John  Frederick,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works, 

Glasgow. 

1878.  Robin.son,  Thomas  Neild,  Messrs.  Thomas  Robinson  and   Son,  Railway 

Works,  Rochdale.     [Bobinson,  Bochdale.'] 
1866.  Robson,  Thomas,  Mining  Engineer,  Lumley  Thicks,  Fence  Houses. 

1888.  Rock,  John  William,  Kent  Street,  Sydney,  New  South  Wales. 

1879.  Rodger,  William,  care  of  Messrs.  C.  H.  B.  Forbes  and  Co.,  3  Elphinstone 

Circle,  Bombay :  (or  care  of  Messrs.  Duncan  Stewart  and  Co.,  London 
Road  Iron  Works,  Glasgow.) 

1884.  Rodrigues,  Jose  Maria  de  Chermont,  Rua  de  S.  Pedro  54  sobrado,  Rio  de 

Janeiro,  Brazil:   (or  care  of  Messrs.  Jacob  Walter  and  Co.,  Billitey 
Square  Buildings,  London,  E.C.) 
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1S72.  Rofe,  Henry,  8  Victoria  Street,  Westminster,  S.AV. 

1885.  Rogers,  Henry  John,  Watford  Iron  Works,  Watford.     ^Engineer,  ]\'<itf<>r(J.'] 

1871.  llolln,    David,   Messrs.   David  Kolio   and   fcfons,    Fultou   Engine   Works, 

10  Fulton  Street,  Liverpool. 
1889.  Rosenthal,  James  Hermann,  Uabcock  and  Wilcox  Boiler  Co.,  Ill  Xewgate 

Street,  London,  E.G. 
1881.  Rnss,   William,   Me.ssrs.    Ross    and   Walpole,   North   Wall    Iron    Works, 

Dublin.     \_Iron,  IJuhlin.     iJll.] 
1856.  Rouse,   Frederick,   Great   Northern    Railway,    Locomotive    Department, 

Peterborough. 
1878.  Routh,  William  Pole,  25  Rua  de  S.  Francisco,  Oporto,  Portugal :  (or  care  of 

Cyril  E.  Routh,  St.  Michael's  House,  Cornhill,  London,  E.G.) 
1888.  Rowan,  James,  Messrs.  David  Rowan  and  Son,  Elliot  Street,  Glasgow. 
1867.  Ruston,   Joseph,   Messrs.   Ruston   Proctor  and   Co.,   Sheaf   Iron   Works, 

Lincoln ;  and  6   Onslow   Gardens,   South   Kensington,  London,   S.W. 

[^Ruston,  Lincoln.'] 

1884.  Rutherford,  George,  General   Manager,  Wallsend  Pontoon  Works,  Bute 

Docks,  Cardiff.     [Wall,  Cardiff.'] 
1877.  Rutter,  Edward,  The  Cedars,  Richmond,  Surrey. 

1885.  Ryan,  John,  D.Sc,  Professor   of   Physics  and   Engineering,  University 

College,  Bristol. 
1883.  Ryder,  George,  Turner  Bridge  Iron  Works,  Tong,  near  Bolton.     [Uijder, 

Bolton.    33A.] 
1S60.  Ryland,     Frederick,     Messrs.     A.     Kenrick     and     Sons,     Spou     Lane, 

Westbromwich. 

1866.  Sacre,  Alfred  Louis,  60  Queen  Victoria  Street,  London,  E.G.     \_Stxtant, 

London.     1668.] 
1859.  Sacr6,  Charles  Reboul,  Consulting   Engineer,  Manchester  Sheffield  and 

Lincolnshire  Railway,  Manchester;  18  Fountain  Street,  Manchester; 

and  Sunnyside,  Victoria  Park,  Manchester. 
1883.  Sadoine,  Baron  Eugene,  57  Rue  des  Angustins,  Lic'ge,  Belgium. 

1864.  Said,  Colonel  M.,  Pasha,  Engineer,  Turkish  Service,  Constantinople  :  (or 

care  of  J.  G.  Frank  Lee,  9  Paik  Crescent,  Portland  Place,  London,  W.) 
1859.  Salt,  George,  Sir  Titus  Salt,  Bart.,  Sons  and  Co.,  Saltaire,  near  Bradford 

and  23  St.  Ermin's  Mansions,  Westminster,  S.W. 
1874.  Sampson,  James  Lyons,  Messrs.  David  Hart  and  Co.,  North  London  Iron 

Works,  Wenlock    Road,  City   Road,    London,   N.     [Bascule,   London. 

6699.] 

1865.  Samuelson,   Sir    Bernhard,  Bart.,  M.P.,  F.R.S.,  Britannia    Iron  Works, 

Banbury ;    56  Prince's   Gate,    South  Kensington,  Loudon,  S.W. ;    and 
Lupton,  Brixliam,  South  Devon. 
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ISSI.  Siimuelson,  Ernest,  Messrs.  Samuelson  and  Co.,   Britannia  Iron  Works, 

Banbury. 
1881.  Sanders,  Henry  Conracl,  Messrs.  H.  G.  Sanders  and  Son,  Victoria  Works, 

Victoria  Gardens,  Netting  Hill  Gate,  London,  W. ;  and  Elm  Lodge, 

Southall. 
1871.  Sanders,  Richard  David,  Hillside  House,  Berklianisted. 
1886.  Sandford,  Horatio,  Messrs.  E.  A.  and  H.  Sandford,  Tliames  Iron  Works, 

Gravesend. 

1881.  Sandiford,    diaries,    Locomotive    and   Carriage    Superintendent,  North 

Western  Railway,  Lahore,  Punjaub,  India. 

1874.  Sauve'e,  Albert,  22  Parliament  Street,  Westminster,  S.W.     [Sovez,  London. 

3133.] 
1880.  Saxby,  John,  Messrs.  Saxby  and  Farmer,  Railway  Signal  Works,  Canterbury 

Road,  Kilburn,  London,  N.W.    [Sigaalmeu,  Lo7idon.']  ;  and  Cold  Harbour 

Lawn,  Wivelsfield,  near  Burgess  Hill,  S.O.,  Sussex. 
1869.  Scarlett,    James,    Messrs.    E.    Green    and    Son,    14    St.    Ann's    Square, 

Blanchester. 
1886.  Scholes,  William  Henry,  1255  n/n  Rivadavia,  Buenos  Aires,  Argentine 

Republic :  (or  care  of  George  Scholes,  Orwell  House,  Upton  Manor, 

Plaistow,  London,  E.) 
1883.  Schunheyder,  William,  4  Rosebery  Road,  Brixton,  London,  S.W. 

1880.  Schram,  Richard,  17a  Great  George  Street,  Westminster,  S.W.     {_Schram, 

London.^ 
1886.  Schurr,   Albert   Ebenezer,  Messrs.   Fry  Miers   and   Co.,    Suflblk   House, 

5  Laurence  Pountaey  Hill,  lioudon,  E.G. ;  and  Lyncot,  Romford. 
1885.  Scorgie,    James,    Professor    of    Applied   Mechanics,    Civil    Engineering 

College,  Poena,  India  :   (or  care  of  Blcssrs.  W.   Watson  and   Co.,  27 

Leadenhall  Street,  London,  E.C.) 

1882.  Scott,  Charles  Herbert,  Bessemer  Steel  Works,  Sheffield. 

1875.  Scott,   Frederick   Whitaker,   Atlas   Steel   and    Iron   Wire   Rope  Works, 

Reddish,  Stockport.     lAtlas,  Reddish.'] 
JSSl.  Scott,  George  Innes,  9  Queen  Street,  Newcastle-on-Tyne. 
1877.  Scott,  Irving  M.,  Union  Iron  Works,  San  Francisco,  California. 

1881.  Scott,    James,     Umlaas    Wool-Scouring    Works,     Durban,     Natal  :     (or 

Douglasfield,  Murtlily,  Perthshire.) 
18SG.  Scott,  James,  Consett  Iron  Works,  Consett,  R.S.O.,  County  Durham. 
1885.  Scott,  Robert,  Engineer,  Messrs.  Takata  and  Co.,  88  Bishopsgate  Street 

Within,  London,  E.C. 
1861.  Scott,  Walter  Henry,  Locomotive  Superintendent,  Great  Southern  Railway, 

Buenos  Aires,  Argentine  Republic :  (or  care  of  H.  Eaton,  75  Tulse 

Hill,  London,  S.W.) 
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1S81.  Scott-Muncrieff,   ■\Villi:iiii   Dundis,   80   Xcwmau   Street.    Oxford    Street^ 

Loiidun,  W. 
18G8.  Scriven,   Charles,    'Wliiiilitlil    jMouiit,    Cliapul  Allcrton,  Leeds.     IScriven, 

Leeds.'] 
1882.  Seabrook,  Alfred  William,  Engineer   Surveyor  to  the  Port  of  Bomba}', 

Port  Office,  Bombay. 
1882.  Seatou,  Albert  Edward,  Earle's  Siiipbuilding  and  Engineering  Works,  Hull. 
18G4.  Seddou,  Jolm.  98  Wallgate,  Wigan. 
18Sl!.  Seddon,  liobert  Barlow,  IManager,  Wigan  Wagon  Works,  Wigan. 

1882.  Selfe,  Norman,  141  Pitt  Street,  Sydney,  New  South  Wales, 

1884.  Sellers,  Coleman,  E.D.,  Professor  of  Engineering,  Stevens  Institute,  and 
Franklin  Institute  ;  o30I  Baring  Street,  Philadelphia,  Pennsylvania, 
United  States. 

1888.  Sellers.  George,  Holly  Cottage,  Wakefield. 

lSt)5.  Sellers,  William,  Pennsylvania  Avenue,  Philadelphia,  Pennsylvania, 
United  States. 

1889.  Selmau,  David  Codrington,  Professor  of  Mathematics,  University  College, 

Bristol. 
1881.  Sennett,  Richard,  Messrs.  IMaudslay  Sou.s  and  Field,  Lambeth,  London, 
S.E. 

1883.  Shackleford,  Arthur  Lewis,  General  Manager,  Britannia  Pail  way-Carriage 

and  AVagon  AVorks,  Saltley,  Birmingham. 

1884.  Shackleford,     William     Copley,     Manager,     Lancaster    Wagon    Works, 

Lancaster. 
1872.  Shanks,  Arthur,  Messrs.  A.  Burn  and  Co.,  Howrah  Iron  Works,  Howrah ; 

and  7  Hastings  Street.  Calcutta. 
1884.  Shanks,  William,  Messrs.  Thomas  Shanks  and  Co.,  Johnstone,  near  Glasgow. 

\_Sh(ui];s,  Johnstone.'] 

1881.  Shapton,  William,  Sir  William  G.  Armstrong  I\Iitchell  and  Co.,  S  Great 

George  Street,  Westminster,  S.W. 
ISfio.  Sharp,  Henry,  Townend  House,  Deepcar,  ShelBeld. 
1875.  Sharp,   Thomas   Budworth,   Managing   Engineer,   Muntz   Metal   Works, 

Birmingham. 
1869.  Sharrock,  Samuel,  Green  Bank,  Long  Lane,  Grassendale,  Liverpool. 

1882.  Sharrock,  Samuel  Lord,   Xew   South  Wales  Cluli,  Sydney,  New  South 

Wales. 
1879.  Shaw,  Henry  Selby  Hele,  Professor  of  Engineering,  University  College, 

Liverpool. 
1881.  Shaw,  Joshua,  IMessrs.  John  Shaw  and  Sons,  Wellington  Street  Works, 

Sal  ford,  Manchester. 
1881.  Shaw,  William,  ]Megsrs.  W.  Shaw  Kirtley  and  Co.,  Wellington  Cast  Steel 

Foundry,  ]Middlesbrough. 
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185G.  Shelley,  Cliavlea  Percy  Bysslie,  U  Victoria  CImrabers,  17  Victoria  Street^ 

Westminster,  SVV. 
1861.  Shepherd,  John,  Union  Foundry,  Hunslet  Eoad,  Leeds. 
1S75.  Sheppard,     Herbert      Gurney,     Resident     Engineer,     Lake     Aboukir 

Eeclamation   Works,  near  Alexandria,  Eg3'pt :     (or    89.  Wcstbourne 

Terrace,  Hyde  Park,  London,  W.) 
1S7G.  Shield,   Henry,  Messrs.   Fawcett    Preston    and   Co.,   Phoenix   Foundry, 

17  York  Street,  Liverpool. 
18SS.  Shin,  Tsuneta,  41  Kanetomicho,  Koishikawa,  Tokyo,  Japan. 
1889.  Shone,  Isaac,  Great  George  Street  Chainbers,  Westminster,  S.W. 
1SS5.  Shuttleworth,    Alfred,    Messrs.  Clayton    and    Shutlleworth,   Stamp  End 

Works,  Lincoln.     [Claylons,  Lincoln.'] 
1885.  Shuttleworth,  Major  Frank,   Messrs.  Clayton  and   Shuttlewortli,   Stamp 

End  Works,  Lincoln;  and  Old  Warden  Park,  Biggleswade.     [Claytons^ 

Lincoln.'] 
1888.  Siemens,  Frederick,  10  Queen  Anne's  Gate,  Westminster,  S.W. 

1888.  Siemens,  Ur.  Werner,  ^lessrs.  Siemens  and  Halske,  9i  Markgrafen  Strasse,. 

Berlin. 

1871.  Simon,  Henry,  20  Moimt  Street,  Manchester.     [Tieform,  Manchester.] 

1877.  Simonds,  William  Turner  (Life  Member'),  Messrs.  J.  C.  Simonds  and  Son, 

Oil  Mills,  Boston. 
1S7G.  Simpson,  Arthur  Telford,  Engineer,  Chelsea  Water  Works,  38  Parliament 
Street,  Westminster,  S.W. 

1878.  Simpson,  James,  Messrs.  Simpson  and  Co.,  Engine  Works,  101  Grosvenor 

Road,  Pimlico,  London,  S.AV. 
1885.  Simpson,  James  Thomas,  Executive  Engineer,  Public  Works  Department, 

Shwebo,  Upper  Burmah. 
1S82.  Simpson,    John    Harwood,    ^Manchester    Ship    Canal,    G5    King  Street, 

Manchester. 

1889.  Sinclair,   Kisbet,   Messrs.    Robert   Napier   and   Sons,   Lancefield   House, 

Gla^go\v. 
1847.  Sinclair,  Robert,  care  of  Messrs.  Sinclair  Hamilton  and  Co.,  17  St.  Helen's 

Place,  Bishopsgate  Street,  London,  E.C.     [Sinclair,  London.] 
1857.  Sinclair,   Robert    Cooper,   3   Adelaide    Place,   London    Bridge,   London, 

E.C. 
ISSl.  Sisson,  William,  Quay  Street  Iron  Works,  Gloucester.     [Sisson,  Gloucester.]' 

1872.  Slater,  Alfred,  Gloucester  Wagon  Works,  Gloucester. 

1853.  Slaughter,  Edward,  25  Royal  York  Crescent,  Clifton,  Bristol. 
1885.  Slight,  William  Hooper,  Woodborough  Vicarage,  Nottingham. 
188G.  Small,  James  Miln,  4  The  Sanctuary,  Westminster,  S.W. 
1889.  Smelt,  John  Dann,  Argentine  Great  Western  Railway,  4  Finsbnry  Circus, 
London,  E.C. 
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1879.  Smitli,  Allison  Dalryinple,  AssLstmit  Locomotive  Superintendent, Locomotive 

AVorkshops,  Victorian  Kiiilways,  Newport,  Victoria. 
1871).  Smltli,  Cliarles  Hubert,  Engineer  and  Shipwriglit  Surveyor  to  the  Board  of 

Trade,  North  Shields. 
18G6.  Smith,  Edward  Fisher,  ot  Aveiine  lioad.  Regent's  Park,  London,  N.W. 
18G0.  Smith,  llcm-y,  Messrs.  Hill  and  Smith,  Brierley  Hill  Iron  Works,  Brierley 

Hill ;  and  Summerhill,  Kiiigswinford,  near  Dudley.    [Fencing,  Brierley 

UilL] 
1881.  Smith,  Henry,  Messrs.  Simpson  and  Co.,  101   Grosvenor  Ivoad,  Pimlieo, 

London,  S.W. 
18(30.  Smitli,  Sir  John,  Paiktield,  Dullicld  Road,  Derby. 
187(3.  Smitli,  John,  Wintoun  Terrace,  Rochdale. 

1883.  Smith,  John  Bagnold,  Newstead  Colliery,  near  Nottingham. 

1857.  Smitli,  Josiah  Timmis,  Htematite  Iron  and  Steel  Works,  Burrow-iu-Furness; 

and  Rhine  Hill,  Stratford-on-Avon. 
1870.  Smith,   Michael   Hohoyd,   Royal  Insurance    Buildings,   Crossley    Street, 

Halifax ;    and    IS    Abingdon    Street,     Westminster,    S.W.      [Out/all, 

London."] 

1886.  Smith,  Reginald  Arthur,  Messrs.  Dormau  and  Smith,  24  Brazenose  Street, 

Manchester. 
1881.  Smith,  Robert  Henry,  Professor  of  Engineering,  Mason  Science  College, 

Birmingham;  and  124  Hagley  Road,  Edgbaston,  Birmingham. 
1885.  Smith,  Thomas,  Steam  Crane  Works,  Old  Foundry,  Rodle^-,  near  Leeds. 

[Tomsmith,  Leeds."] 

1881.  Smith,  AVasteneys,  59  Sandhill,  Newcastle-on-Tyne.     IWanteneys  Smith, 

Newcasfle-on-Tyne.     429.] 
1SG3.  Smith,  William  Ford,  Messrs.  Smith  and  Coventry,   Gresley  Iron  Works, 
Ordsal  Lane,  Salford,  Manchester. 

1887.  Smith,     William     Mark,    District     Locomotive     Carriage    and    Wagon 

Superintendent,  Great  Southern  and  Western  Railway,  Cork. 

1882.  Smyth,  Jiiraes  Josiali,  Messrs.  James  Smyth  and  Sons,  Peasenhall,  Suffolk. 

1884.  Smyth,     William     Stopford,     Engineer,     Alexandra    Docks,    Newport, 

Monmouthshire. 

1883.  Suelus,  George  James,  F.R.S.,  West  Cumberland  Iron  and  Steel  Works, 

Workington. 

1885.  Snowdon,   John  Armstrong,  Stanners  Closes  Steel   Works,  Wolsingham, 

near  Darlington. 
1878.  Sopwith,  Thomas,  Mining  Engineer,  G  Great  George  Street,  Westminster, 

S.W.     [SojJicith,  Loudon.     3175.] 
1887.  Sorabji,    Shapurji,    Bombay    Foundry    and    Engine   Works,   Khetwady, 

Bombay:  (or  care  of  Messis.   S.  and  E.  Ran>ome  and  Co.,   10  Essex 

Street,  Stiand,  London,  W.C.) 
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ISSl.  Soulsby,  James  Charltnn,  17  Mount  Stuart  Square,  Cardiff. 

1SS9.  Souter-Kobertson,  David,   West's  Patent  Press  Co.,   Saharanpore,    North 

Western  Proviuccs,  India. 
1SS5.  Southwell,    Frederick     Charles,    Messrs.    Richard    Horusby    and    Sons, 

Spittlegate  Iron  Works,  Grantham. 
1S77.  Soyres,  Francis  Johnstone  de,  6  Arlington  Villas,  Clifton,  near  Bristol. 

1557.  Spence,  William,  Cork  Street  Foundry  and  Engineering  Works,  Dublin. 

1887.  Spencer,  Alexander,  77  Cannon  Street,  London,  E.C. 

1875.  Spencer,  Alfred  G.,  Messrs.  George  Spencer  and  Co.,  77  Cannon  Street, 

London,  E.C. 

1878.  Spencer,  George,  Messrs.  George  Spencer  and   Co.,  77   Cannon   Street, 

London,  E.C. 
1877.  Spencer,  John,  Globe  Tube  Works,  Wednesbury  \_TuJ)es,  Wedneshunj.'] ;  antl 
3  Queen  Street  Place,  Cannon  Street,  London,  E.C.     ITuhes,  London.'] 

1867.  Spencer,  John  W.,  Newburn  Steel  Works,  Newcastle-on-Tyne.     [_Newbiirti, 

Neivcastle-on-Tyne.'] 
1SS5.  Spencer,  Mountford,  Messrs.  Lulce  and  Spencer,  Ardwick,  Manchester;  and 
The  Meadows,  Alderley  Edge,  near  Manchester. 

1854.  Spencer,  Tliomas,  Newbuni  Steel  Works,  Newcastle-on-Tyne.     [_Newhurn, 

Newcastle-on-Tyne.'] 

1876.  Spice,  Robert  Paulson,  21  Parliament  Street,  Westminster,  S.W. 

1S85.  Spooner,  George   Percival,  Locomotive    Superintendent,   Bolan   Railway, 
Hirokh,  Beluchistan,  India. 

1883.  Spooner,  Henry  John,  309  Regent  Street,  Loudon,  W. 
1869.  Stabler,  James,  13  Effra  Road,  Brixton,  London,  S.W. 

1877.  Stanger,  George  Hurst,  Queen's  Chambers,  North  Street,  Wolverhampton. 
1875.  Stanger,    William    Harry,    Chemical     Laboratory    and    Testing  Works, 

Broadway,  Westminster,  S.W. 

1558.  Stanley,  Harry  Frank,  Messrs.  Pontifex  and  Wood,  Farringdon  Works, 

Shoe  Lane,  London,  E.C. ;  and  84  Finsbury  Park  Road,  London,  N. 

1855.  Stannah,  Joseph,  20  Southwark  Bridge  Road,  London,  S.E. 

1884.  Stanton,  Frederic  Barry,  Mansion   House  Chambers,  11  Queen  Victoria 

Street,  London,  E.C. 
1874.  Stephens,     Michael,     Locomotive      Superintendent,    Cape     Government 
Railways,  Cape  Town,  Cape  of  Good  Hope. 

1868.  Stephenson,   George  Robert,   9   Victoria  Chambers,   17   Victoria   Street, 

Westminster,  S.W.      [^Precursor,  London.] 

1879.  Stephenson,  Joseph  Gurdon  Leycester,  6  Drapers'  Gardens,  London,  E.C. 

[Fluvius,  London.] 

1888.  Stephenson-Peach,    William    John,    Trent    Fish    Culture    Co.,    Milton, 

Burton-on-Trent. 
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IS7G.  Sterne,  Louis,  ]Mussrs.  L.  Sterne  and  Co.,  Crown  Iron  Works,  Glasgow 
ICrown,  Glasgow.^  ;  and  2  Victoria  Mansions,  28  Victoria  Street, 
Westminster,  S.W.     \_Ehhrn>;  tondon.     oOGC] 

1887.  Stevenson,  David  Alan,  F.R.S.K.,  84  George  Street,  Edinburgli. 

1878.  Stevenson,    (ieorge   Wilson,  38  Parliament  Street,  Westminster,  S.AV. 

1877.  Stewart,  Ale.xander,  Manager,    Messrs.  Thwuites  lirotliers,  Vulcan  Iron 

Works,  Thornton  Boad,  Bradford. 

1887.  Stewart,  Andrew,  41  Oswald  Street,  Glasgow. 

1878.  Stewart,  Duncan,  INIessrs.  Duncan  Stewart  and  Co.,  London  lload  Iron 

Works,  Glasgow.     {_Steu-art,  Glai'ijijir'.     'I'.'A.'] 
1851.  Stewart,  John,  Biackwall  Iron  Works,  Pojjlar,  London,  E.     [Stcaimhqjs, 

Lo))lJOH.'\ 

1885.  Stewart-Hamilton,  Patrick,  care  of  Picv.  Alexander  Hamilton,  D.D.,  The 

Manse,  Brighton. 
ISSS.  Stiff,  William  Charles,  Credenda    Seamless    Steel-Tuhe  Worlis,  Ledsara 

Street,  Biiuiiugham. 
1880.  Stirling,   James,   Loc  )motive    Superintendent,   South    Eastern    Piailway, 

Ashford,  Kent. 
1885.  Stirling,  JMatthew,  Locomotive  Superintendent,  Hull  Barnsley  and  AVest 

Riding  Junction  Railway  and  Dock  Co.,  Hull. 
1867.  Stirling,  Patrick,  Locomotive  Superintendent,  Great  Northern   Railway, 

Doncaster. 

1888.  Stirling,    Robert,    Nortli     Eastern    Railway,    Locomotive    Department, 

Gateshead. 
1875.  Stoker,  Frederick  William,  Messrs.   I.aston   and  Anderson,   Erith   Iron 

AVorks,  Erith,  S.O.,  Kent. 
1877.  Stokes,  Alfred  Allen,  Elmcote,  Godalming. 

1887.  Stone,  Frank   Holmes,  Callulut,  Manila,  IManila  and  Dagupan   Railway, 

Manila,  Philippine  Islands  :  (or  care  of  Messrs.  Hett  Maylor  and  Co.,  53 
New  Broad  Street,  Loudon,  E.C.) 
1877.  Stothert,  George  Kelson,  Steam  Ship  Works,  Bristol. 

1888.  Strachan,  James,  Messrs.  Manlove  Alliott  and  Co.,  Bloomsgrovc  AVorks, 

Nottingham. 
1888.  Straker,  Sidney,  240  Stanstead  Road,  Forest  Hill,  London,  S.E. 
iSSi.  Stronge,  Charles,  Locomotive  Dei^artment,  Porto  Alegreand  New  Hambuig 

Railway,  Sao   Leopoldo,  Rio    Grande   do   Sol,   Brazil :    (or    1    Albion 

Street,  Hyde  Park,  London,  AA".) 
1865,  Stroudley,  AVilliam,  Locomotive  Superintendent,  London    Brighton  and 

South  Coast  Railway,  Brighton  ;  and  Bosvigo,  Preston  Park,  Brighton. 
1873.  Strype,   AVilliam  George,   The   ]Murrough,  AVicklow   [Sirijpc,  Wicldou:'] ; 

1  College  Street,  Dublin;   and  Park  Avenue,   Sydney   Parade,   near 

Dublin. 


1889.  MEMBEES.  Ixix 

1S78.  Stuart,  Jaines,  M.P.,  Professor  of  Mculiauisiu  iu  Cambridge  University, 

Trinity  College,  Cambridge. 
■1889.  Stuart-Hartlaml,  Dare  Arthur,  Messrs.  Balmer  Lawiie  and  Co.,  103  Clive 

Street,  Calcutta,  India. 
1882.  Sturgeon,  John,  Shrublands,  Iloole  Road,  Chester. 

1882.  Sugden,  Thomas,  Chaddertou  Iron  Works,  Irk  Vale,  Chadderton,  near 

Oldliam  ;  and  10  Mark  Lane,  London,  E.C. 
ISGl.  Sumner,  William,  2  Brazennose  Street,  IManchester. 
iS75.  Sutclifie,  Frederic  John  Kamsbottom,  iuigiucer,  Low  Moor  Iron  Works, 

near  Bradford. 

1883.  Sutton,   Joseph   Walker,  Messrs.   Willaus   and   llobiuson,   Ferry  Works, 

Thames  Ditton,  Surrej'. 
1880.  Sutton,  Thomas,  Carriage  and  Wagon  Superintendent,  Furness  Railway, 

Barrow-in-Furness. 
1887.  Suverkrop,  John  Peter,  1  Kew  Gardens  Road,  Kew,  Surrey. 
1882.  Swaine,  John,  Messrs.  AVright  Butler  and  Co.,  Panteg  Steel  Works,  near 

Newport,  Monmouthshire. 

1884.  Swan,  Joseph  Wilson,  57  Holboru  Viaduct,  London,  E.C. ;  and  Lauriston, 

Bromley,  Kent. 
1882.  Swinburne,  William,  JMessrs.  Henry  Watson  and  Son,  Higli  Bridge  Works, 

Xewcastle-on-Tyne. 
ISGl.  Swindell,  James  Swindell  Evers,  C'lent  House,  Stourbridge. 


I1S78.  Taitc,  John  Charles,  Messrs.  Taite  and  Carlton,  63  Queen  Victoria  Street, 

London,   E.C.      [IGIS.] ;    and   The    Corner   House,    Shortlauds,   S.O., 

Kent. 
0.882.  Tandy,  John  O'Brien,  London  and  North  Western  Railway,  Locomotive 

Department,  Crewe ;  and  4  Wellington  Villas,  Wellington  Square,  Cre-we. 
1875.  Tangye,     George,     Messrs.     Tangyes,     Cornwall      Works,    Soho,     near 

Birmingham.     [Tancjijes,  Birmingham.'] 
ISGl.  Tangye,      James,     Messrs.     Tangyes,     Cornwall     Works,     Soho,     near 

Birmingliam ;  and  Aviary  Cottage,  Illogan,  near  Redruth. 
1879.  Tartt,  William,  Maythorn,  Blindley  Heath,  Godstone,  near  Red  Hill. 
187G.  Taunton,  Richard  Hobbs,  Jlessrs.  Taunton  Debnard  Lane  and  Co.,  Star 

Tube  Works,  Heneage  Street,  Birmingliam.     {_Tannfon,  Birmingham.'] 
1882.  Tayler,  Alexander  James  Wallis,  77  Victoria  Road,  Kilburn,  London,  N.W. 
1874.  Taylor,  Artliur,   Manager,  Labat  Tin  Mines,  Perak,  via  Pcnang;    and 

6  Queen  Street  Place,  Upper  Thames  Street,  London,  E.C. 
1887.  Taylor,  James,  Messrs.  Buckley  and  Taylor,  Castle  Iron  Works,  Oldham. 
1873.  Taylor,  John,  Midland  Foundry,  Queen's  Road,  Nottinghnrn. 
18G7.  Taylor,  Joseph,  Corinthian  Villo,  Acock's  Green,  near  Birmingham. 
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1875.  Taylor,  Joseph  Samuel,  Mcssph.  Taylor  and  Challen,  Derwent  Foumlry, 
GO  and  02  Constitution  Hill,  Birmin>j;ham.     {JDerwent,  Birmingham.'] 

1874.  Taylor,  Percyvale,  Messrs.  Burtho  andTuylor,  2G  Rue  de  Caumartin,  Paris. 

1882.  Taylor,  Robert  Henry,  55  Kent  House  Koail,  Sydenham,  London,  S.E. 

1882.  Taylor,  Thomas  Albert  Oakcs,  Messrs.  Taylor  Brothers  and  Co.,  Clarence 
Iron  Works,  Leeds. 

1864.  Tennant,  Sir  Charles,  Bart.  (Life  Manher),  The  Glen,  Innerleithen,  near 
Edinbiirgh. 

1882.  Terry,  Stephen  Harding,  Messrs.  Renshaw  King  and  Co.,  Kidsgrove,  near 

Stoke-on-Trent. 
1877.  Thom,  William,  Messrs.  W.  and  J.  Yates,  Canal  Foundry,  Blackburn. 
1889.  Thomas,  James  Donnithorne,  25a  Old  Broad  Street,  London,  B.C. 

1867.  Thomas,  Joseph  Lee,  2  Hanover  Terrace,  Ladbroke  Square,  Netting  Hill, 

London,  W. 

1888.  Thomas,  Philip  Alexander,  Mirrlees,  Watson  and  Yaryan  Co.,  45  Scotland 

Street,  Glasgow. 
1864.  Thomas,  Thomas,  10  Richmond  Roail,  Roath,  Cardiff. 

1874.  Thomas,  William  Henry,  15  Parliament  Street,  Westminster,  S.W. 

1875.  Thompson,  John,  Highfields  Boiler  Works,  Ettingsha]l,nearWolverhampton. 

1883.  Thompson,    Richard    Charles,    Messrs.    Robert    Thompson    and     Sons, 

Southwick  Shipbuilding  Yard,  Sunderland. 
1880.  Thompson,  Thomas  William,  Eastham  Ferry  Pier,  near  Birkenhead. 

1887.  Thompson,  William  Phillips,  G  Lord  Street,  Liverpool. 

1S75.  Thomson,  James  Mclntyre,  IMessrs.  John  and  James  Thomson,  Finnieston 
Engine  Works,  36  Finnieston  Street,  Glasgow.     [Enrjineering,  Glasgow.'] 

1868.  Thomson,  John,  Messrs.  John  and  James  Thomson,  Finnieston  Engine 

Works,  36  Finnieston  Street,  Glasgow.     [Engineering,  Glasgow.] 

1889.  Thomson,  Robert  McNidar,  Yokohama  Engine  and  Iron  Works,  Kobe, 

Japan. 
1868.  Thornewill,  Robert,  Messrs.  Thoruewill  and  Warham,  Burton  Iron  Works, 

Burton-on-Trent. 
1885.  Thoruley,  George,  Messrs.  Buxton  and  Thornley,  Waterloo  Engineering 

Works,  Burton-on-Trent. 
1877.  Thornton,  Frederic  William,  Palace  Chambers,  9  Bridge  Street.Westminster, 

S.W. 
1882.  Thornton, Hawthorn  Robert, Lancashire  and  Yorkshire  Railway,  Horwich, 

near  Bolton. 

1888.  Thornton,  Robert    Samuel,    West's    Patent    Press   Co.,   Etawah,   North 

Western  Provinces,  India. 

1876.  Thornycroft,  John  Isaac,   IMessrs.   John  I.  Thornycroft  and  Co.,  Steam 

Yacht  and  Launch  Builders,  Church  Wharf,   Chiswick,   London,  W. 
[Thornycroft,  London.] 


1880.  MEMBEUS.  Ixxi 

1SS2.  Tliow,  "William,  Locomotive  Engineer,  New  South  "Wales  Government 
Kail  ways,  Eveleigh  "Workshops,  Sydnej',  New  South  "V\"ales  :  (or  care 
of  Joseph  Meilbek,  7  "Westminster  Cliambers,  13  Victoria  Street, 
"Westminster,  S."W.) 

1SS4.  Thwaites,  Arthur  Hirst,  jMessrs.  Thwaites  Brothers,  Vulcan  Iron  "Works, 
Bradford.     IThwaites,  Bradford.     .325.] 

18S7.  Thwaites,  Edward  Hirst,  Messrs.  Thwaites  Brothers,  Vulcan  Iron  "Works, 
Bradford. 

1885.  Tijou,  "William,  38  Orchard  Road,  Highgate,  London,  N. 

1885.  Timmermaus,  Fran9ois,  Managing  Director,  Socie'te'  anonyme  des  Ateliers 

de  la  Meuse,  Liege,  Bcdgium.     [Societe  Meuse,  Liege.'] 
188-1.  Timmii,   lUius  Augustus,   2   Great    George   Street,   "Westminster,   S.W. 
[Timmis,  London.'] 

1886.  Tipping,  Henry,  38  Groom's  Hill,  Greenwich,  London,  S.E. 

1888.  Todd,  Robert  Ernest,  Mechanical  Engineer,  La  Madrid,  Ferro  Carril 
National  Central  Noite,  Argentine  Republic :  (or  care  of  "W^illiam  H. 
Todd,  County  Buildings,  Land  of  Green  Ginger,  Hull.) 

1875.  Tomkins,  William  Steele,  Messrs.  Sharp  Stewart  and  Co.,  Atlas  "Works, 

Glasgow  ;    and  2  Victoria  Mansions,  28  Victoria  Street,  "\\'estminster, 
S."S\'. 
1857.  Tomlinson,  Joseph,  Jun.,  64  Priory  Road,  "West  Hampstead,  London,  N.W. 

1888.  Topple,  Charles  James,  Machinery  Department,  Royal  Arsenal,  "Woolwich. 
1883.  Tower,  Beauchamp,  5  Queen  Anne's  Gate,  "Westminster,  S.W. 

1889.  Towler,  Alfred,  Messrs.  Hathorn  Davey  and  Co.,  Sun  Foundry,  Leeds. 
1886.  Towne,  Henry  Robinson,  Yale  and  Towne  Manufacturing  Co.,  Stamford, 

Connecticut,  United  States. 

1888.  Travis,  Henry,  Machinery  Department,  Royal  Arsenal,  Woolwicli. 

1889.  Trenerry,  William  Penrose,  21  Via  Cavour,  Florence,  Italy.     [Trenernj, 

Firenze.] 
1883.  Trentham,  William  Heur}',  2  Hervey  Road,  Shooter's  Hill  Road,  London, 
S.E. 

1876.  Trevithick,  Richard  Francis,  Locomotive  and   Carriage  Superintendent, 

Japanese  Government   Railways,  Kobe,  Japan:  (or  care  of  Mrs.  Mary 
Trevithick,  The  Cliff,  Penzance.) 

1886.  Trew,  James  Bradford,  High  Street,  Watford,  Herts. 

1887.  Trier,    Frank,  Messrs.    Bruuton    and    Trier,   19    Great    George    Street, 

AVestminster,  S.W. 
1885.  Trueman,   Thomas   Brynalyn,   Ferro   Carril   Buenos    Aires    al  Pacifico, 

Junin,    Argentine  Republic:    (or  care  of   Thomas    R.   Trueman,    7 

Cambridge  Villas,  Twickenham.) 
1887.  Turnbull,  Alexander,  Messrs.  Alexander  Turnbull  and  Co.,  St.  Mungo 

Works,  Bishopbriggs,  Glasgow. 
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1885.  TuriihuU,  John,  Jun.,  255  Butli  Street,  Glasgow.     [Titrhine,  OlaKgoic.'] 
1866.  Turner,  Frederick,  Messrs.  E.  R.  and  F.  Turner,  St.  Teter's  Iron  "Works, 

Ipswich.     \_Gij>peewijlt,  Ipswich.'] 

1886.  Turner,    Ceorgo    Reynolds,    Vulcan    Iron    Works,    Langley    Mill,   near 

Nottingham ;  and  81  Highgate  Road,  London,  N.W. 

1887.  Turner,  Joshua  Alfred  Alexander,   Superintendent  and  Chief  Engineer, 

Governmeut  Steam  Flour  Mills,  Pooua,  India. 
1882.  Turner,  Thomas,  New  British  Iron  Works,  Corngreaves,  near  Birmingham. 
1886.  Turner,  Tom  Newsum,  Vulcan  Iron  Works,  Langley  Mill,  near  Nottingliam. 

1876.  Turney,  Sir  John,  Messrs.  Turney  Brothers,  Trent  Bridge  Leather  Works, 

Nottingham.     [^Turney,  NottvuiJiam.'] 
1882.  Tweedy,    John,    Messrs.    Wigham    Richardson    and    Co.,  Newcastle-on- 

Tyne. 
1856.  Tyler,   Sir   Henry  Whatley,  K.C.B.,   M.R.,   Pymmes   Park,    Edmonton, 

Middlesex. 

1877.  Tylor,  Joseph  John,  2  Newgate  Street,  Loudon,  E.C. 

1889.  Tyrrell,  Joseph  John,  Messrs.  Clayton  and  Shuttleworth,  Stamp  End  Iron 
Works,  Lincoln. 

1878.  Tyson,  Isaac  Oliver,  Ousegate  Iron  Works,  Selby. 

1878.  Unwin,  WUliam  Cawthorne,  F.R.S.,  Professor  of  Engineering,  City  and 
Guilds  of  London  Central  Institution,  Exhibition  Road,  London,  S.W. ; 
and  7  Palace  Gate  Mansions,  Kensington,  London,  W. 

1875.  Urquhart,  Thomas,  Locomotive  Superintendent,  Grazi  and  Tsaritsin 
Railway,  Borisoglebsk,  Tamboff  Government,  Russia. 

1880.  Valon,  William  Andrew  Mcintosh,  Counaught  Mansions,  Victoria  Street, 

Westminster,  S.W. ;  and  Ramsgate.     {Valon,  Ramsgate.'] 
1885.  Vaughan,  William  Henry,  Royal  Iron  Works,  West  Gorton,  Manchester. 

[Pulleys,  Openshaw.'] 
1862.  Vavasseur,   Josiah,   28    Gravel    Lane,   Southwark,    London,   S.E. ;    and 

Rothbury,  Blackheath  Park,  London,  S.E.     [Exemplar,  London.'] 
1865.  Vickers,    Albert,    Messrs.  Vickcrs    Sons  and   Co.,  River    Don    Works, 

Sheffield. 
1861.  Vickers,   Thomas   Edward,   Messrs.   Vickers   Sons  and   Co.,   River  Don 

Works,  Sheffield. 
1888.  Voysey,  Henry  Wesley,  130  Maygrovc  Road,  Brondcsbnry,  London,  N.W. 

1883.  Waddell,  James,  Superintending  Engineer,  Netherlands  India  Steam 
Navigation  Co.,  Soerabaya,  Java ;  and  13  Austin  Friars,  London,  E.C. 

1856.  Waddington,  John,  35  King  William  Street,  London  Bridge,  London, 
E.C. 
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1879.  Wadia,  The  Hon.  Nowrosjee  Nesserwanjec,  C.I.E.,  Manager,  Manockjee 
Petit  Manufacturing  Co.,  Tardeo,  Bombay :  (or  care  of  Messrs.  Hick 
Hargreaves  and  Co.,  Soho  Iron  Works,  Bolton.)  IWadia,  Tardeo, 
Bombay.'] 

1882.  Wailes,  George  Herbert,  St.  Andrews,  Watford,  Herts. 

1875.  Wailes,  John  William,  Patent  Shaft  Works,  Wednesbury. 

1881.  Wiiiles,  Thomas  Waters,  General  Manager,  Mountstuart  Dry  Dock  and 

Engineering  Works,  Cardiff.     IMountstuart,  Cardiff.'] 
1888.  Waister,   William  Henrj',  Assistant   Locomotive   Superintendent,   Great 

Western  Eailway,  Stafford  Koad  Works,  Wolverhampton. 
18S1.  Wake,     Henry     Hay,     Engineer     to     tlie     River     Wear     Commission, 

Sunderland. 

1882.  Wakefield,   William,   Locomotive  Superintendent,    Dublin   Wicklow  and 

Wexford  Railway,  Grand  Canal  Street,  Dublin. 

1867.  Walker,  Benjamin,  Messrs.  Tannett  Walker  and  Co.,  Goodman   Street 

Works,  Hunslet,  Leeds.     {^Tannett  TValker,  Leeds.] 

1877.  AValker,  David,  Superintendent  of  Engineering  Workshops,  King's  College, 

Strand,  London,  W.C. 
1875.  Walker,  George,  95  Leadenhall  Street,  London,  E.C. 
1875.  Walker,  John  Scarisbrick,  Messrs.  J.  S.  Walker  and  Brother,  Pagefield 

Iron  Works,  Wigan ;  and  3  Alexandra  Road,  Southport.     [Pagefield, 

IVigan.] 
1884.  Walker,  Matthew,  16  London  Street,  Fenchurch  Street,  London,  E.C. 
1886.  Walker,  Robert  John,  Church-Stile  House,  Shap,  R.S.O.,  Westmoreland. 
1884.  Walker,  Sydney  Ferris,  195  Severn  Road,  Cardiff  [Dynamo,  Cardiff.]  ;  and 

Hunter's  Forge,  New  Bridge   Street,  Newcastle-on-Tyne.      [Dynamo, 

Newcastle-on-Tyne.] 
1S76.  Walker,  Thomas  Ferdinand,  Ship's  Log  Manufacturer,  58  Oxford  Street, 

Birmingham. 

1878.  Walker,  William,  Kaliemaas,  AUeyne  Park,  West  Dulwich,  London,  S.E. 

[Bromo,  Loiidon.] 
1863.  Walker,  William   Hugill,   Messrs,  Walker   Eaton  and  Co.,  Wicker  Iron 

Works,  Sheffield. 
1878.  Walker,  Zaccheus,  Jun.,  Fox  Hollies  Hall,  near  Birmingham. 
1881.  Walkinshaw,  Frank,  Yokohama  Water  Works,  Yokohama,  Jajmn:  (or  care 

of  W.  Walkinshaw,  Hartley  Grange,  Winchfield.) 
1884.  Wallace,  John,  Back  worth  Collieries,  near  Newcastle-on-Tyne. 
1884.  Wallau,  Frederick  Peter,  Messrs.  Harland  and  Wolff,  Belfast. 

1868.  Wallis,    Herbert,    Mechanical   Superintendent,   Grand  Trunk  Railway, 

Montreal,  Canada. 
1865.  Walpole,  Thomas,  Messrs.  Ross  and  Walpole,  North  Wall  Iron  Works, 
Duolin.     [Iron,  Dublin,     311.] 
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1877.  Wftlton,  James,  28  Maryon  Road,  Charlton. 

1881.  Warburton,    John    Sealon,    49    New    lload.    Grays,    S.O.,    Essex;    and 

19  Stanwick  Road,  West  Kensington,  London,  W. 

1882.  Ward,  Thomas  Henry,  ')8  LeopoW  Street,  Lougliborough. 

1876.  Ward,  William  Meese,  Limerick  Foundry,  Great  Bridge,  Tipton. 

18G4.  Warden,  Walter  Evers,  Phoenix  Bolt  and  Nut  Works,  Ilandsworth,  near 

Birmingham.  {^BoJh,  Binningham.'] 
1882.  Wardle,  Edwin,  Messrs.  Manning  Wardle  and  Co.,  Boyne  Engine  Works, 

Ilunslet,  Leeds.  \_Manning,  Leeds.'] 
1885.  Warren,  Henry    John,  Jun.,  Box  86,  Wit  Waters  Eandt,  Johannesburg, 

Transvaal,  South  Africa  :  '(or  Hayle,  Cornwall.) 

1885.  Warren,  William,  care  of  Walter  Ross,  Hill   Top,  Blythe  Hill,  Catford, 

Loudon,  S.E. 
1882.  Warsop,  Henry,  Clarendon  Hotel,  Nottingham. 
1889.  Warsop,  Thomas,  Coniston  Copper  Mines,  Coniston,  S.O.,  Laucashire. 
1858.  Waterhouse,  Thomas  (Life  Member),  Claremont  Place,  Sheffield. 

1881.  Watkins,  Alfred,  2  Westcombe  Park  Road,  Blackheath,  London,  S.E. 
1862.  Watkins,  Richard,  71  Blenheim  Crescent,  London,  W. 

1882.  Watson,  Henry  Burnett,  Messrs.  Henry  Watson  and  Son,  High  Bridge 

Works,  Newcastle-on-Tyne.     ^Watsons,  Newcastle-on-Tyne.    439.] 
1879.  Watson,  William  Renny,  Messrs.  Mirrlees  Tait  and  Watson,  Engineers, 
Glasgow. 

1877.  Watts,  John,  Broad  Weir  Engine  Works,  Bristol. 

1886.  Weatherburn,   Robert,   Locomotive   Manager,   Midland   Railway  Works, 

Kentish  Town,  London,  N.W. 
1884.  Webb,    Richard   George,    Messrs.   Richardson    and    Cruddas,    Bombay, 
India:  (or  care  of  Fiancis  Webb,  31  Southampton  Buildings,  Chancery 
Lane,  London,  E.C.). 

1887.  Webster,  William,    care   of    Messrs.   J.   M.   Lyon   and  Co.,   Engineers, 

Singapore. 

1888.  Week,  Friedrich,  Town  Hall  Chambers,  86  New  Street,  Bmuingham. 
1888.  Wt'Uman,   Samuel   T.,   Otis    Iron    and    Steel  Works,   Cleveland,   Ohio. 

United  States. 
1862.  Wells,  Charles,  Moxley  Iron  and  Steel  Works,  near  Bilston. 
1882.  West,  Charles  Dickinson,  Professor  of  Mechanical  Engineering,  Impciial 

College  of  Engineering,  Tokio,  Japan. 

1876.  West,  Henry  Hartley,  Naval  Architect  and  Engineer,  14  Castle  Street, 

Liverpool. 
1874.  West,  Nicholas    James,    36    Upper    Park    Road,    Hampstead,  London, 
N.W. 

1877.  Western,    Charles    Robert,     Broadway     Chambers,    Westminster,    S.W. 

[Bonhowes,  London.    3199.] 
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1877.  Westeru,    Maximilian    Richard,     care     of    Bombay     Burmali     Trading 

Corporation,   Bangkok,  Siam :   (or  care  of  Messrs.  Wallace  Brothers, 
8  Austin  Friars,  London,  E.G.) 
1862.  Westmacott,  Percy  Graham  Buchanan,  Sir  W.  G.  Armstrong  Mitchell  and 
Co.,  Elswick  Engine  Works,  Newcastle-on-Tyne ;  and  Benwell  Hill, 
Newcastle-on-Tyne. 

1880.  Westmoreland,    John    William     Hudson,    Lecturer     ou     Engineering, 

University  College,  Nottingham. 
1SG7.  Weston,   Thomas  Aldridge,    Yale    and    Towne   Manufacturing  Co.,   62 

Reade  Street,  New  York:  (or  care  of  J.  C.  Mewburn,  169  Fleet  Street, 

London,  E.C.) 
J880.  Westwood,  Joseph,    Napier  Yard,    Millwall,    London,    E.      [Westwood, 

London.     5065.] 
1888.  Weyman,  James  Edwardes,  Messrs.  Weyman  and  Johnson,  Church  Acre 

Iron  Works,  Guildford. 

1881.  Wharton,     AVilliam     Augustus,     Messrs.     Maulove     Alliott     and      Co., 

Bloorasgrove   Works,    Nottingham ;    and   3  Maples    Street,   Bentinek 
Road,  Nottingham. 

1884.  Whieldon,    John    Henry,    Campanhia     do     Beberibe,    Rua     Imperador, 

Pernambuco,  Brazil :   (or  care  of  Ernest  W.  Whieldon,  42  Worlingham 
Road,  East  Dulwich,  London,  S.E.) 

1882.  White,  Alfred  Edward,  Borough  Engineer's  Office,  Town  Hall,  Hull. 

1887.  White,  Alfred  George,  50  Rua  do  Corpo  Santo,  Lisbon. 

1874.  White,  Henry  Watkins,  23  Leadenhall  Street,  London,  E.C. ;  and  122 
Lavender  Hill,  London,  S.W. 

1888.  White,  William  Henry,  F.R.S.,  Assistant  Controller  and  Director  of  Naval 

Construction,  Admiralty,  Whitehall,  London,  S.W. 

1885.  Whitehead,  James  George,  Mechanical  Engineer,  Hacienda  San  Nicola?, 

Puerto  de  Supe,  Peru. 
1876.  Whiteley,  William,  Messrs.  William  Whiteley  and  Sons,  Prospect  Iron 

Works,  Lockwood,  Huddersfield. 
1865.  Whitley,  Joseph,    Railway  Works,  Ilunslct    Road,    Leeds.      ITorijedo, 

Leeds.'] 
1869.  Whittem,  Thomas  Sibley,  AVyken  Colliery,  Coventry. 
1888.  Whittle,  John,  Union  Railway  Wagon  Works,  Chorley. 

1878.  Whytehead,  Hugli  Edward,   North    Staffordshire    Tramways,  Stoke-on- 

Trent. 
1878.  Wicks,  Henry,  Superintendent,  Messrs.  Burn  and  Co.,  Howrah  Iron  Works, 

Howrah,  Bengal,  India :  (or  care  of  Dr.  Wicks,  South  View  House,  West 

Parade,  Newcastle-on-Tyne.) 
1868.  Wicksteed,  Joseph  Hartley,  Messrs.  Joshua  Buckton  and  Co.,  Well  House 

Foundry,  Meadow  Road,  Leeds. 
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1878.  Widmark,      HuiaM     ■Wilhtliii,      IlelsiugborgB      Mekaniska     Verkstad, 

Ilelsingborg,  Sweden. 
1889.  Wigham,   John   Richardson,   Messrs.   J.    Edmundson  and   Co.,   Stafford 

Works,  35  Capel  Street,  Dublin. 

1881.  Wigzell,  Eustace   Ernest,  Billiter  House,  Billitcr  Street,  London,  E.G. 

[Wigzell,  London.  1844.] 

1882.  Wilder,  John,  Yield  Hall  Foundry,  Reading, 

1886.  Wildridge,  John,  Consulting  Engineer  and  Marine  Superintendent,  Eastern 

and  Australian  Steamship  Co.,  34  Leadenhall  Street,  London,  E.G. ; 

and  care  of  Messrs.  Gibbs  Bright  and  Co.,  Pitt  Street,  Sydney,  New 

South  Wales. 
1888.  Willans,  Peter  William,   Messrs.    Willaiis   and  Rubinson,  Ferry  AVorks, 

Thames  Ditton,  Surny.     [Willans,  Thamesditton.'] 
1885.  Willcox,  Francis  William,  45  West  Sunniside,  Sunderland. 

1883.  Williams,    Edward    Leader,    Engineer,    Manchester    Ship     Canal    Co., 

Manchester.     {_Leader,  Manchester.    688.] 

1884.  Williams,  John  Begby,  Messrs.  William  Gray  and  Co.,  Central  Marine 

Engineering  Works,  West  Hartlepool. 

1884.  Williams,    John    Rhys,    Rhymney    Iron    Works,     Rhymney,     R.S.O., 

Monmouthshire. 

1885.  Williams,  Nicholas  Thomas,  6  Great  Winchester  Street,  London,  E.G. 
1847.  Williams,  Richard,  Brunswick  House,  Wednesbury. 

1881.  Williams,  William  Freke  Maxwell,  29  Great  St.  Helen's,  Loudon,  E.G. 
1873.  Williams,    William    Lawrence,   16  Victoria    Street,   Westminster,   S.W. 

[Snoicdon,  Loiidon."] 
1889.  Williams,   William   Walton,   Jun.,  Mercado  Central  de   Frutos,  Buenos 
Aires,  Argentine  Republic. 

1883.  Williamson,    Richard,    Messrs.    Richard     Williamson    and    Son,    Iron 

Shipbuilding  Yard,  Workington. 
1870.  Willman,  Charles,  26  Albert  Road,  Middlesbrough. 

1884.  Willock,   Capt.    Harry   Borlase,   R.E.,   War  Office,   Whitehall,   London, 

S.W. 
1878.  Wilson,  Alexander,  Messrs.  Charles  Gammell  and  Co.,  Cyclops  Steel  and 
Iron  Works,  Sheffield. 

1882.  Wilson,    Alexander     Basil,    Holy  wood,     Belfast.       [Wilson,    Eolyivood. 

201.] 
1872.  Wilson,  Alfred,  North  Grange,  Horsforth,  near  Leeds. 
1867.  Wilson,  Henry,  Phoenix  Brass  Works,  Stockton-on-Tees. 
1884.  Wilson,  James,   Chief  Engineer  of   the   Daira   Sanieh,   Egypt;    Caiio, 

Egypt. 
1881.  Wilson,  John,  Engineer,  Great  Eastern  Railway,  Liverpool  Street  Station, 

London,  E.G.     [Wilson,  Eastern,  London.^ 
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1S63.  Wilson,  John  Charles,  24  Lincoln's  Inn  Fields,  London,  W.C.     IPalacoJ, 

London.^ 
1S79.  Wilson,  Joseph  William,  Principal  of  School  of  Practical  Engineering, 

Crystal  Palace,  Sydenham,  London,  S.E. 
ISSO.  Wilson,  Robert,  10  St.  Bride  Street,  Loudon,  E.G. ;  and  7  St.  Andrew's 

Place,  Eegent's  Park,  London,  N.W. 

1883.  Wilson,  Kobert,  7  Westminster  Chambers,  13  Victoria  Street,  Westminster, 

S.W. 

1884.  Wilson,  Thomas,  Superintendent,  General  Steam  Navigation  Comjmny's 

AVorks,  Deptford,  London,  S.E. 
1873.  Wilson,  Thomas  Sipliug,  British  Vice-Cousul,  Brettesnces,  Lofoten  Islands, 

Norway;    and    Messrs.    Holroyd    Horsfield    and    Wilson,    Larchfield 

Foundry,  Hunslet  Road,  Leeds :  (or  care  of  Messrs.  James  Bischotf  and 

Sons,  10  St.  Helen's  Place,  London,  E.C.) 
1888.  Wilson,  Walter  Henry,  Messrs.  Harland  and  Wolff,  Belfast. 
1881.  Wilson,  Wesley  William,  Messrs.  A.  Guinness  Sou  and  Co.,  St.  James' 

Gate  Brewery,  Dublin. 
188G.  Windsor,  Edwin  Wells,  1  Rue  du  Hameau  des  Brouettes,  Rouen,  France. 

1887.  Wiumill,  George,  Locomotive   and   Carriage  Superintendent,  Oudh   and 

Eohilkund  Railway,  Lucknow,  India ;  and  Hare  Street,  Romford. 
1872.  Wiustanley,  Robert,  Mining  Engineer,  28  Deansgate,  Manchester. 
1872.  Wise,  William  Lloyd,  46  Lincoln's  Inn  Fields,  London,  W.C,  ILloyd  Wise, 

London.     276G.] 
1871.  Withy,  Edward,  Avon  Yilla,  Parnell,  Auckland,  New  Zealand. 

1884.  Withy,    Henry,   Messrs.    Withy   and   Co.,   Middleton    Ship    Yard,   West 

Hartlepool.     [Withy,  West  Hartlepool.     4.] 
1878.  Wolfe,  John    Edward,   General    Manager,    Alagoas    Railway,    Maceio, 

Brazil :  (or  care  of  Rev.  Prebendary  Wolfe,  Artiiington,  Torquay.) 
1878.  Wolfenden,  Richard,  11  Grafton  Street,  Moss  Side,  Manchester. 
1878.  Wolfenden,  Robert,  Revenue  Cutter  "  Ling  Feng,"  care  of  Commissioner 

of    Customs,    Amoy,    China :     (or    11    Grafton     Street,    Moss    Side, 

Manchester). 

1888.  Wolff,  Gustav  William,  Messrs.  Harland  and  Wolff,  Belfast. 

1881.  Wood,  Edward   Malcolm,  2  Westminster   Chambers,   3  Victoria   Street, 

Westminster,  S.W. 
1887.  Wood,  Henry,  Messrs.  J.  and  E.  Wood,  Victoria  Foundry,  Bolton. 
1880.  Wood,  John  Mackworth,  Engineer's  Department,  New  River  Water  Works, 

Clerkenwell,  London,  E.C. 
1868.  Wood,  Lindsay,  Mining  Engineer,  Southliill,  near  Chester-le-Street. 

1885.  Wood,    Robert    Hemy,    Messrs.    Tannett    Walker    and    Co.,    Goodman 

Street  Works,  Hunslet,  Leeds;  and  15  Bainbrigge  Road,  Headingley, 
Leeds. 
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1884.  Wood,   Siilney   Prescott,   care  of    H.  W.  Little,  Mchsrs.  McKenzie  and 

Holland,  Vulciiu  Iron  Works,  Worcester. 
1882.  Woodall,    Corbet,    Palace     Chambers,    9     Bridge    Street,    Westminster, 

S.W. 
1888.  Woodford,  Etlielbert  George,  State  Engineer  of  IMines,  Pretoria,  South 

African  Republic,  Transvaal. 

1884.  Woodward,  William,   Engineer  and   Manager,   Corporation   Gas  Works, 

Bury,  Lancashire.     [Wooduxird,  Bury.'] 

1885.  Wootton,  Albert,  Falcon  Engine  and  Car  Works,  Loughborough. 

1887.  Worger,  Douglas  Fitzgerald,  Assistant  Engineer,  Southwark  and  Vauxhall 

Water  Works,  GS  Sumner  Street,  Southwark,  London,  S.E. 
1874.  Worsdell,  Thomas  William,  Locomotive  Superintendent,  North  Eastern 

Railway,  Gateshead.     [Locomotive,  Gateshead.'] 
1884.  Worssam,  Charles  Smith,  35  Queen  Victoria  Street,  London,  E.G. 

1877.  Worssam,  Henry  John,  Messrs.  G.  J.  Worssam  and  Son,  Wenlock  Road, 

City  Road,  London,  N.     [Massroiv,  London.     G656.] 

1886.  Worthington,  Charles  Campbell,  Messrs.  Henry  R.  Worthington,  Hydraulic 

Works,  145  Broadway,  New  York,  United  States :  (or  care  of  the 
AVorthington  Pumping  Engine  Co.,  153  Queen  Victoria  Street,  London, 
E.G.) 

1888.  Worthington,  Edgar,  Messrs.  Beyer  Peacock  and  Co.,  Gorton  Foundry. 

Manchester ;  and  High  Bank  House,  Gorton,  near  Manchester. 
1860.  Worthington,  Samuel   Barton,  Consulting  Engineer,  33  Princess  Street, 
Manchester ;   and    Mill    Bank,  Vicarage    Lane,   Bowdon,  R.O.,  near 
Altrincham. 

1866.  Wren,  Heury,  Messrs.  Henry  Wren  and  Co.,  London  Road  Iron  Works, 

Manchester.     [Wrens,  Manchester^ 

1881.  Wrench,  John  Mervyn,  District  Engineer,  Indian  Midland  Railway. 
Jhausi,  N.W.  Provinces,  India. 

1876.  Wright,  James,  Messrs.  Ashmore  Benson  Pease  and  Co.,  Stockton-on- 
Tees.     [Wright,  Gasholder,  Stockton.     12.] 

1867.  Wright,  John  Roper,  Messrs.  Wright  Butler  and  Co.,  Elba  Steel  Works, 

Gower  Road,  near  Swansea. 

1859.  Wright,    Joseph,     Metropolitan    Railway  -  Carriage    and     Wagon    Co., 

Saltley  Works,  Birmingham  ;  and  Arundel  House,  Lower  Road, 
Richmond,  Surrey. 

1860.  Wright,    Joseph,    16    Great    George    Street,    Westminster,    S.W. ;    and 

Lawnswood,  Alexandra  Road,  Upper  Norwood,  London,  S.E. 

1878.  Wright,  William  Barton,  Rosslyn,  Cleveland  Road,  Ealing,  London,  W. 
1871.  Wrightson,  Thomas,  Messrs.   Head  Wrightsou  and  Co.,   Teesdale  Iron 

Works,  Stockton-on-Tees. 
1886.  Wylie,  James,  32  St.  Matthew's  Road,  Smethwiek,  near  Birmingham. 
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1865.  Wyllie,  Andrew,  1  Leicester  Street,  Southport. 

1883.  Wynne-Edwards,     Thomas    Aliired,    Agricultural    Engineering    "Works, 
Denbigh.     [Foundry,  Denhigh.'] 

1877.  Wyvill,  Frederic  Christopher,  19  East  Parade,  Leeds. 

1889.  Yarrow,  Alfred  Fernandez,  Isle  of  Dogs,  Poplar,  London,  E. 

1878.  Yates,  Henry,  Brantford,  Ontario,  Canada. 

1882.  Yates,  Herbert  Rushton,  Assistant  Engineer,  Michigan  Air  Line  Railway 

Extension,  Pontiac,  Michigan,  United  States  :  (or  care  of  Henry  Yates, 

Brantford,  Ontario,  Canada.) 
1881.  Yates,   Louis   Edmund    Husselts,    District    Locomotive    Superintendent, 

Eastern  Bengal   State  Railway,  Sealdah,  Calcutta:   (or  care  of  Rev. 

H.  W.  Yates,  98  Lansdowne  Place,  Brighton.) 

1880.  York,  Francis  Colin,  Buenos  Aires  and  Pacific  Railway,  Junin,  Buenos 

Aires,  Argentine  Republic :   (or  care  of   Messrs.   Samuel  York   Sons 
and  Co.,  Snow  Hill,  Wolverhampton.) 
1889.  Young,  David,  Messrs.  Haseltine  Lake  and  Co.,  45  Southampton  Buildings, 
London,  W.C. 

1879.  Young,  George  Scholey,  Messrs.  T.  A.  Young  and  Son,  Orchard  Place, 

Blackwall,  London,  E. 
187i.  Young,  James,    Managing  Engineer,  Lambton  Engine  and  Iron  Works, 

Fence  Houses. 
1879.  Young,  James,  Low  Moor  Iron  Works,  near  Bradford. 
1887.  Young,  William  Andi'ew,  Messrs.  Hawthorns  and  Co.,  Leith  Engine  Works, 

Leith. 

1881.  Yoimger,  Robert,  Messrs.  R.  and  W.  Hawthorn  Leslie  and  Co.,  St.  Peter's 

Works,  Newcastle-on-Tyne. 

1885.  Zimmer,  George  Friedrich,  care  of  J.  Harrison  Carter,  82  Mark  Lane, 
London,  E.C. 
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1880.  Allen,   William    Edgar,    Imperial    Steel    Works,   Cross  George  Street, 
Sheffield. 

1880.  Bagahawe,  Washington,  Monk  Bridge  Iron  Works,  Leeds. 

1881.  Barcroft,  Henry,  Bessbrook Spinning  Works,  County  Armagh,  Ireland;  and 

The  Glen,  Newry,  Ireland, 
1889.  Barr,  John,  Glenfield  Engineering  Works,  East  Shaw  Street,  Kilmarnock. 

1886.  Bennison,  William  Clyburn,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel 

and  Iron  Works,  Sheffield. 

1888.  Brown,  Harold,  2  Bond  Court,  Walbrook,  London,  E.G. 

1889.  Castle,  Frederick  George,  The  People's  Palace  Technical  Schools,  Mile 

End  Road,  London,  E. 
1889.  Chamberlain,  John  George,  Messrs.  Joseph   Wright  and   Co.,  Neptune 
Forge,  Tipton. 

1888.  Chrimes,   Charles  Edward,  Messrs.   Guest  and   Chrimes,   Brass  Works, 

Rotherham. 

1887.  Chubb,    Edward    George,    Ironbridge    Gas    Works,    Ironbridge,   E.S.O., 

Shropshire. 
1879.  Clowes,  Edward  Arnott,  Messrs.  William  Clowes  and  Sons,  Duke  Street, 
Stamford  Street,  London,  S.E.     ICIotces,  London.     4558.] 

1883.  Fairholme,  Capt.  Charles,  R.N.,  Heberlein   Self-acting   Railway  Brake 

Co.,  18  St.  Dunstan's  Hill,  London,  E.G. 

1886.  Fisher,  Harry,  Messrs.  Burys  and  Co.,  Regent  Steel  Works,  Sheffield. 

1889.  Golby,  Frederick  William,  "  Invention  "  Office,  54  Fleet  Street,  London, 

E.G.     [Negotiate,  London.     2669.] 
1889.  Gotz,    Carl     Johann    Wilhelm,    Messrs.    John     M.    Sumner    and    Co., 

2  Brazennose  Street,  Manchester. 
1889.  Gregory,  George  Francis,  Boarzell,  Hawkhurst. 

1887.  Hind,  Enoch,  Edgar  Rise,  Nottingham. 

1884.  Jackson,     Edward,     Midland     Railway-Carriage    and     Wagon     Works, 

Birmingham.     [Wagon,  Birmingham.'] 

1882.  Jackson,  William,  Kingston  Cotton  Mill,  Hull.     [Cotton,  Hull'] 
1884.  Livesey,  Jooeph  Montague,  Stourton  Hall,  Horncastle. 

1865.  Longsdon,  Alfred,  9  New  Broad  Street,  London,  E.G. 
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1881.  Lowood,  John    Grayson,   Ganuister  "Works,   Attercliffe  Eoad,   ShefBeld. 

\_Lowood,  Sheffield.     131.] 

1883.  Macilraitli,  James,  92  Regent  Street,  Glasgow.     [JSIacilraith,  Glasgoio.'] 
188G.  Mackenzie,  Keith  Eonald,  Gillotts,  Henley-on-Thames. 

1868.  Matthews,  Thomas  Bright,  Messrs.  Tiirton  Brothers  and  Matthews, 
Phoenix  Steel  Works,  ShelHeld.     [ISlattliews,  Sheffield.'] 

1889.  McKinnel,  William,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel  and  Iron 
Works,  Sheffield. 

18S9.  Miles,  William  Henry,  Town  Engineer,  Sanitary  Board,  Johannesburg, 
Transvaal,  South  Africa. 

1885.  Moser,    Charles    Henry,    Messrs.    Moser    and    Sons,    178    High    Street, 

Southwark,  London,  S.E.     [Moserson,  London.    45G3.] 
1889.  Nasmith,  Joseph,  4  Arcade  Chambers,  St.  Mary's  Gate,  Manchester. 

1887.  Neville,   Edward  Hermann,  Messrs.   Julius   G.   Neville   and  Co.,   Oriel 

Chambers,  Liverpool.     [Neville,  Liverpool.     3409.] 

1886.  Newton,  Henry  Edward,  6  Bream's  Buildings,  Chancery  Lane,  London, 

E.C. 

1888.  O'Sullivau,  Alfred  Timothy,  13  Henrietta  Street,  Swansea. 

1874.  Paget,   Berkeley,   Low   Moor  Iron   Office,   2   Laurence    Pountney    Hill, 

Cannon  Street,  London,  E.C.     [Gryphon,  London.'] 

1886.  Peacock,  William  J.  P.,  Wells  Street,  Oxford  Street,  London,  W. ;  and  41 

St.  James'  Street,  London,  S.W. 
1888.  Peake,  Eobert  Cecil,  Stoke  Lodge,  Bletchley. 

1887.  Peecb,  Henry,  Phoenix  Bessemer  Steel  Works,  near  Sheffield. 

1887.  Peech,  William  Henry,  Phoenix  Bessemer  Steel  Works,  near  Sheffield. 

1884.  Phillips,  Richard  Morgan,  21    to   24   State   Street,  New  York,   United 

States.     [Sarita,  New  York.] 

1886.  Raven,  Henry  Baldwin,  Messrs.  Hare  and  Co.,  Temj^le  Chambers,  Temple 

Avenue,  London,  E.C. 

1882.  Ridehalgh,  George  John  Miller,  Fell  Foot,  Newby  Bridge,  Ulverston. 

1888.  Rowell,  John  Henry,  New  Brewery,  High  Street,  Gateshead. 

1883.  Sandham,  Henry,  Keeper,  Science  and  Art  Department,  South  Kensington 

Museum,  London,  S.W. 

1875.  Schofield,    Christopher    J.,   Vitriol    and    Alkali    Works,    Clayton,   near 

Manchester. 

1887.  Scott,  Walter,  Victoria  Chambers,   Grainger  Street  West,  Newcastle-on- 

Tyne.     [Contractor,  Neiocastle-on-Tyne.] 
1878.  Stalbridge,  The    Right  Hon.  Lord,  12  Upper    Brook  Street,  Grosvenor 

Square,  London,  W. 
1886.  Stumore,  Frederick,  34  Leadenhall  Street,  London,  E.C. 

1884.  Tilfourd,  George,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel  and  Iron 

Works,  Sheffield. 
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1887.  Tozer,  Edwanl  Sanderson,  Pliojiiix  Bessemer  Steel  Works,  near  Sheffiokl. 

1888.  Tucker,  Thomas,  Messrs.  Isaac  Tucker  and  Co.,  Turk's  Head  Brewery, 

Gateshead. 
18G9.  Varley,  John,  Leeds  Forge,  Leeds. 
1878.  Watson,    Joseph,   Patent    OiHce,    25   Southampton   Buildings,    London, 

AV.C. 
1883.  Williamson,  Kobert  S.,  Cannock  and  Rugeley  Collieries,  Hednesford,  near 

Stafford. 
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GEADUATES. 

1884.  Adam,  Frank,  Sir  W.  G.  Armstrong  Mitchell  and  Co.,  Elswick,  Newcastle- 

ou-Tyne ;  and  89  Church  Street,  Stoke  Newington,  London,  N. 

1885.  Addis,  Frederick  Henr}',  Ajmere,   India:    (or  care  of  Messrs.   Grindlay 

and  Co.,  55  Parliament  Street,  London,  S.W.) 
1874.  Allen,   Frank,   Messrs.   Allen  Alderson    and    Co.,    Gracechurch    Street, 

Alexandria:   (or  care  of  Messrs.   Stafford  Allen  and  Sons,  7  Cowper 

Street,  Finsbury,  London,  E.G.) 
1882.  Allgood,  Eobert  Lancelot,  Nunwick,  Humshaugh,  R.S.O.,  Northumberland. 

1885.  Amos,   Ewart   Charles,   Mansion  House  Chambers,   11   Queen  Victoria 

Street,    London,    E.C. ;    and    The    Sycamores,    Beulah    Hill,    Upper 
Norwood,  London,  S.E. 
1880.  Anderson,  Edward   William,  Messrs.  Easton   and   Anderson,  Erith  Iroa 
Works,  Erith,  S.O.,  Kent ;  and  Roydon  Lodge,  Erith,  S.O.,  Kent. 

1882.  Anderson,  William,   North    Eastern   Railway,   Locomotive    Department, 

Leeds. 
1878.  Appleby,   Charles,   Jun.,   89  Cannon   Street,  London,  E.C.     {_Applehifs, 
London.     1731.] 

1883.  Appleby,  Percy  Vavasseur,  Messrs.  Appleby  Brothers,  89  Cannon  Street, 

London,  E.C. 

1887.  Ashby,  Joseph  Harrison,  Dowlais  New  Furnaces,  East  Moors,  Cardiff;  and 

Ascot  Heath,  Berkshire. 
1889.  Ashford,  John,   Messrs.   G.  E.  Belliss  and  Co.,  Ledsam   Street  Works, 
Birmingham. 

1886.  Atkey,  Albert  Reuben,  Corporation  Water  Works,  Nottingham. 

1888.  Bailey,  Wilfred  Daniel,  India-rubber  Gutta-percha  and  Telegraph  Works-, 

Casilla  de  Correo  1212,  Buenos  Aires,  Argentine  Republic. 
1869,  Bainbridge,    Emerson,    Nunnery    Colliery    OiEces,    New    Haymarket, 
Sheffield. 

1888.  Barker,  Eric  Gordon,  Guyse  House,  Oxton,  R.O.,  near  Birkenhead. 

1889.  Barrow,  Arthur  Robert  Maclean,  13  Upper  Maze  Hill,  St.  Leonard's-on- 

Sea. 
1882.  Barstow,  Thomas  Hulme,  Manager,  Kaihu  Railway,  Dargaville,  Auckland, 

New  Zealand. 
1888.  Bell,  Alexander  Dirom,  The  Woll,  Hawick. 

1884.  Bell,  Robert    Arthur,  Locomotive  Department,  South    Indian  Railway, 

Negapatam,   India :     (or   care  of    Mrs.   Bel],  30   Brompton  Crescent, 
London,  S.W.) 
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1880.  Birkctt,  Herbert,  care   of  Messrs.   S.   G.   Saiisineiia  and   Co.,   64  Peru, 

Buenos  Aires,  Argentine  Republic ;  and  C2  Green  Street,  Grosvenor 
Square,  London,  W. 

1881.  Bocquet,  Harry,  care  of  Arthur  E.  Shaw,  Estacion  Central,  Buenos  Aires, 

Argentine  Hepublic :  (or  care   of  Joseph  Harrison,  Llanwye,  Hampton 
Bark,  Hereford.) 

1883.  Booth,    "William   Stanway,   Messrs.   Vivian   and   Sons,   Hufod   Foundry, 

Swansea. 
1888.  BouLling,  Sidney,  Messrs.  Green  and  Boulding,  21  Fcatherstone  Street, 
London,  E.G. 

1886.  Bourne,  Thomas  Johnstone,  Forraosan   Eailway,  care  of  H.B.M.  Consul, 

Anioy,  China:  (or  care  of  Mrs.  Bourne,  Clyde  Villa,  Southborough, 
Tunbridge  Wells.) 

1888.  Bradley,  Arthur  Ashworth,  St.  Edmund's  Vicarage,  Dudley.  Worcestershire. 

1887.  Bremner,  Bruce  Laing,  33  London  Eoad,  Carlisle :  (or  Streatham  House, 

Canaan  Lane,  Edinburgh.) 

1878.  Brooke,   Arthur,    General    Post    Office,  Auckland,   New    Zealand :    (or 

care    of  Miss   Helen   Brooke,   Sunnymead,   The   Rise,   Sidcup,   S.O., 
Kent.) 

1889.  Brown,  Arthur  Selwyn,  9  Santley  Street,  Clapham,  London,  S.W. ;  and 

Syduey.  New  South  Wales. 
1880.  Buckle,  William  Harry  Ray,  1  Akenside  Hill,  Newcastle-on-Tyne.    [Nohle, 
Neiccadle.     663.] 

1886.  Budenberg,    Christian   Frederick,   25   Demesne   Eoad,   Whalley  Eange, 

Manchester. 

1879.  Burnet,   Lindsay,    Moore    Park    Boiler  Works,   Govan,   near    Glasgow. 

[Burnet,  Glasgow.     1513.] 

1887.  Burnett,  Arthur  Sydney,  5  Ramsbottom  Terrace,  Horwich,  near  Bolton. 

1884.  Butler,  Hugh  Myddleton,  Kirkstall  Forge,  near  Leeds. 

1886.  Cairneg,   Frederick   Evelyn,   2    Maismore  ^Mansions,   Canfield   Gardens, 

Finchley  Eoad,  London,  N. 
1889.  Calastreme,  John  Carlos,   Messrs.   Diibs   and   Co.,   Glasgow  Locomotive 

Works,  Glasgow. 
1889.  Challen,  Walter  Bernard,  Messrs.  Taylor  and  Challen,  Derwent  Foundry, 

60  and  62  Constitution  Hill,  Birmingham. 

1885.  Clift,  Leslie  Everitt,  Fernbank,  Pittville,  Cheltenham. 

1883.  Clinkskill,  Alfred  Alphonse  Rouff,  Messrs.    James  Clinkskill  and  Son, 
1  Holland  Place,  St.  Vincent  Street,  Glasgow. 

1886.  Conyers,    Sidney    Ward,    Existing    Lines  Office,   Eailway  Department, 

Sydney,  New  South  Wales. 
1889.  Cook,  George  Norcliffe,  Messrs.  Thomas  Firth  and  Sons.  Norfolk  Works, 
Sheffield. 
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1883.  Cotton,  Henry  Streatfeild,  10  Sussex  Square,  Hyde  Park,  London,  W. 
1S88.  Cox,   Herbert     Henry,    care    of  J.     McLean,    20    Kelvinhaugh    Street, 

Glasgow. 
1887.  Crosland,  Delevante  William,   22  Eoyal   Crescent,  Kensington,  London, 
W. 

1885.  Crosta,  Lorenzo  William,  INIessrs.  E.  E.  Newlove  and  Co.,  Crown  Iron 

Works,  Crocus  Street,  Nottingham  ;  and  21  Mayfield  Grove,  Nottingham. 
1875.  Dawson,  Edward,  Messrs.  Forster  Brown  and  Eees,  Guild  Hall  Chambers, 
Cardiff. 

1884.  Dixon,  John,  Westley  Street,  Lytham,  near  Preston,  Lancashire. 

18G8.  Dugard,  William  Henrj-,  Messrs.  Dugard  Brothers,  Vulcan  Eolling 
Mills,  Bridge  Street  West,  Summer  Lane,  Birmingham.  [Vtdcan, 
Birmingham.'] 

1886.  Duvall,  Charles  Anthony,  Wrekin  Foundry,  Wellington,'  Shropshire. 

1885.  Edwards,     Walter     Cleeve,      Assistant     Engineer,     Midland    Bail  way, 

Greymouth,  New  Zealand. 

1887.  England,  William  Henry,  40  Matlock  Terrace,  Leeds. 

1875.  Ffolkes,  Martin  William  Brown,  28  Davies  Street,  Grosveuor  Square, 
Loudon,  W. 

1886.  Grant,  Percy,  Sola  Works,  Ferro  Carri.  del  Sud,  Buenos  Aires,  Argentine 

Eepublic. 

1887.  Hanby,    Wrey    Albert     Edward,    Assistant    Engineer,     Public    Works 

Department,  Bengal,  India  :  (or  care  of  E.  T.  Hanbj-,  34  Bassein  Park 

Eoad,  Shepherd's  Bush,  London,  W.) 
1889.  Harrison,  Gilbert  Harwood,  Lieutenant  E.E.,  Assistant  Inspector  of  Guu 

Carriages,  Eoyal  Arsenal,  Woolwich. 
1889.  Hay  ward,    Eobert    Francis,    Messrs.    Crompton    and    Co.,   Arc   Works, 

Chelmsford. 
1885.  Head,  Archibald  Potter,  16  Eutland  Street,  Hampstead  Eoad,  London, 

N.W. 

1882.  Heath,  Ash  ton  Marler,  care  of  Sir  A.  M.  Eendel,  8  Great  George  Street, 

Westminster,  S.W. 
1877.  Heaton,  Arthur,    Messrs.  Heaton   and  Dugard,  Metal  and  Wire  Works, 

Shadwell  Street,  Birmingham.     [Heagard,  Birmingham.'] 
1874.  Hedley,  Thomas,  1  Huntly  Eoad,  Fairfield,  Liverpool. 

1883.  Hill,  John  Kershaw,  Engineer  and  Manager,  West  Surrey  Water  Works, 

High  Street,  Walton-on-Thames. 
1887.  Hogg,  William,  Cosmos  Clnb,   Buenos   Aires,  Argentine  Eepublic ;  (or 

Craigmore,  Blackrock,  near  Dublin.) 
1867.  Holland,  George,    Mechanical    Department,     Grand     Trunk    Eailway, 

Montreal,  Canada. 
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1884.  Holt,  FoUett,  Ferro  Carril  Buenos  Aires  y  Rosario,  Campana,  Argentine 
Republic:  (or  care  of  Robert  Hallett  Holt,  '6  Devonshire  Terrace, 
Portland  Place,  London,  W.) 

1886.  Hosgood,  John  Howell,  Locomotive  and  Hydraulic  Superintendent,  Barry 

Dock  and  Railways,  Barry,  near  Cardiff. 
1889.  Hosgood,  Tiiomas  Watkin,  Riciiurdson  Street,  Swansea. 
1889.  Hosken,   Arthur   Fayrcr,   Jjondou   Brighton    and    South    Coast   Railway 

Works,  Brighton. 
1889.  Howard,  Geoffrey,  Britannia  Iron  Works,  Bedford. 
1883.  Howard,  Harry  James,  Messrs.  Colman's  Mustard  Mills,  Carrow  Works, 

Norwich. 

1883.  Hulse,  Joseph  Whitworth,  Messrs.   Hulse  and  Co.,  Ordsal  Tool  Work;^, 

Regent  Bridge,  Salford,  Manchester.    lEshih,  Manchester.'] 

1887.  Jones,  Edward  Ebden,  7  Combe  Terrace,  Westcombe  Park,  Blackheatb, 

London,  S.E. 
1889.  Joy,  Basil  Humbert,  9  Victoria  Chambers,  17  Victoria  Street,  Westminster, 
S.W. ;  and  Manor  Road  House,  Beckenham. 

1884.  King,  Charles  Philip,  Royston  House,  Upper  Richmond  Road,  Putney, 

London,  S.W. 

1885.  Laidler,  Thomas,  Meldon  House,  Leopold  Street,  Burdett  Road,  London, 

E.     {^Gravitation,  London.'] 
1883.  Lander,  Philip  Vincent,  Assistant   Engineer,  Argentine   Great  Western 

Railway,  Mendoza,  Argentine    Republic :    (or  Lyndhurst,   Hampton 

Wick,  R.O.,  Kingston-on-Thames.) 
1881.  Lawson,    James    Ibbs,    Resident     Engineer,    New    Zealand    Railways, 

Invcrcaigill,  Otago,  New  Zealand. 
1889.  Legros,  Lucien  Alplionse,  57  Brook  Green,  Hammersmith,  London,  W. 

1888.  Letchford,  Joseph,  Manager,  Messrs.  David  Munro  and  Co.,  Stuart  Street, 

Melbourne,  Victoria ;  care  of  Richard  Speight,  Glenroy  Park,  Hampton 
Street,  Middle  Brighton,  Melbourne,  Victoria:  (or  care  of  James 
Letchford,  370  Wandsworth  Road,  London,  S.W.) 

1886.  Lewis,  William  Thomas,  Jun.,  Engineer's  Office,  Bute  Docks,  Cardiff;  and 

Llwyn-yr-eos,  Abercanaid,  near  Merthyr  Tydfil. 
1886.  Lucy,  William  Theodore,  Thornleigh,  Woodstock  Road,  Oxford. 
1881.  Macdonald,    Ranald   Mackintosh,  Messrs.   Booth    Maalonald    and    Co., 

Carlyle  Engineering  and  Implement  Works,  Christchiu'ch,  New  Zealand  ; 

and  P.O.  Box  89,  Christchurch,  New  Zealand. 
1883.  Mackenzie,  Thomas  Brown,  Messrs.  J.  Copeland  and  Co.,  Pulteney  Street 

Engine  Works,  Glasgow  ;  and  342  Duke  Street,  Glasgow. 
1883.  Malan,  Ernest  de  Me'rindol,  Howden. 
1868.  Mappin,    Frank,     [Messrs.     Thomas    Turton    and   Sons,    Siicaf    Works, 

Sheffield. 
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1883.  ]\Iarrack,    Philip,   R.N.,  H.M.S.  "Hibernia,"  Malta;   and   11   :JIai-iito\v 

Terrace,  Saltasli,  E.S.O.,  Cornwall. 
1889.  jMarsliall,  Frank  Theodore,  Messrs.  R.  and  "W.  Hawthorn  Leslie  and  Co., 

St.  Peter's  Works,  Newcastle-on-Tjme. 

1888.  Marten,  Hubert  Bindon,  7  Endsleigh  Terrace,  Tavistock. 

1882.  Martindale,  Waiine  Ben  Hay,  82  New  Bond  Street,  London,   W. ;  and 
Overfield,  Bickley,  R.  S.  O.,  Kent. 

1886.  Mattos,  Alvaro  Gomes  de,  98  Rua  da  Sande,  Rio  de  Janeiro,  Brazil :  (or 

care  of  Messrs.  Fry  Miers  and  Co.,  Sufiblk  House,  5  Laurence  Poiintney 
Hill,  London,  E.G.) 

1887.  May,  Harold  Milton,  Hunslet  Engine  Works,  Leeds. 

1867.  Mitchell,  John,  Swaithe  Hall,  Barnsley. 

1868.  Moor,  William,  Juu.,  Cross  Lanes,  Hetton-le-Hole,  near  Fence  Houses. 
1878.  Newall,  John  Walker,  62  Ogden  Street,  Ardwick,  Manchester. 

1882.  Noble,  Saxton  William  Armstrong,  Sir  W.  G.  Armstrong  Mitchell  and  Co., 

Elswick  Works,  Newcastle-on-Tyne. 

1883.  O'Connor,  John  Frederick,  6  East  Seventeenth  Street,  New  York. 

18S3.  Osborn,  William  Fawcett,  Messrs.  Samuel  Osborn  and  Co.,  Clyde  Steel 

and  Iron  Works,  Sheffield. 
1881.  Oswell,  William  St.  John,  110  Cannon  Street,  London,  E.G. 

1889.  Paget,  Edgar  Lyon,  Messrs.  A.  Paget  and  Co.,  Loughborough. 

1883.  Palchoudhuri,  Bipradas,  Molieshgunj  Factory,  Krishnugher,  Bengal. 

1887.  Paterson,  Jolm    Edward,    Locomotive    Department,    New    South   Wales 

Government  Railways,  Redfern  Works,  Sydney,  New  South  Wales. 

1884.  Philipson,  AVilliam,  Messrs.  Atkinson  and  Philipsoii,  27  Pilgrim  Street, 

Newcastle-on-Tyne.     [Carriage,  Newcastle-on-Tyne.     415.] 

1888.  Pilkington,   Herbert,    Tipton    Green   Furnaces,   Tipton;    and  Barnfield 

House,  Tipton. 
1887.  Price- Williams,  John  Morgan,  Engineer's  Office,  Great  Northern  Railway, 

7  York  Road,  King's  Cross,  London,  N. 
1887.  Pullen,  William  Wade  Fitzherbert,  18  Crookham  Road,  Fulham,  Loudon, 

S.W. 
1S84.  Reynolds,  Thomas  Blair,  5  Great  George  Street,  Westminster,  S.W. 

1885.  Ripley,  Philip  Edward,  Messrs.   Ransomes   Sims   and   Jefferies,   Orwell 

Works,  Ipswich. 

1887.  Rogers,  Horace  Wyon,  43  Upper  Thames  Street,  London,  E.C. 

1S81.  Rogers,  Philip  Powys,  Assistant  Engineer,  Wardha  Coal  State  Railway, 
Warora,  Central  Provinces,  India:  (or  care  of  IMessrs.  Grindlayard 
Co.,  55  Parliament  Street,  London,  S.W.) 

1889.  Roope,  Walter,  10  Hillside  Street,  Springburn,  Glasgow. 
1884.  Roux,  Paul  Louis,  54  Boulevard  du  Temple,  Paris. 

1888.  Eiimmele,  Alfredo,  17  Via  Principe  Umberto,  Milan,  Italy. 

O 
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1882.  Sanchez,   Juan   Eiuilio,  Talleres  de   JIariua  Naeionaks,  Tigro,  Burnos 

Aires,  Argimtiuo  Republic :  (or  care  of  Blcssrs.  J.  E.  ami  51.  Clark 
and  Co.,  9  New  Broad  Street,  London,  E.G.) 

1881.  Scott,  Ernest,  Close  Works,  Newcastle-on-Tync.    [/iV^o,  Xeiccaxtle-on-Tyne. 

432.] 
1SS(J.  Silcoek,  Cluulcs   Wliitbrcad,   Engine  Department,  Medina   Dock,  West 

Cowes. 
1887.  Simkins,  Charles  Wickeus,  .Tun.,  The  Eodgc,  Lowdliam,  near  Nottingham. 

1883.  Simpson,  Charles  Liddell,  IMes^srs.  Simpson  and  Co.,  Engine  Works,  101 

Grosvenor  Road,  Pimlico,  London,  S.W. 
1889.  Smith,  Henry  Buckley  Bingham,  Messrs.  Sharp  Stewart  and  Co.,  Atlas 
Works,  Glasgow. 

1883.  Swale,  Gerald,  Stow  Cottage,  raislcy. 

1887.  Tahor,    Edward     Henry,    Great    Eastern     Railway,     Stratford    Works, 

London,  E. 
1889.  Tangye,  Harold  Lincoln,  Messrs.  Tangjcs,  Cornwall  Works,  Soho,  near 

Birmingham. 
1885.  Tangye,  John    Henry,   Messrs.   Tangyes,    Cornwall   Works,    Soho,   near 

Birmingham. 

1884.  Taylor,  Joseph,  19  Foskett  Road,  Fulliam,  liondon,  S.W. 

1884.  Taylor,  Maurice,  Ateliers  des  Forges  et  Chantiers  de  la  Mediterranee, 
Marseille,  Franco. 

1884.  Templeton,  Edwin  Arthur  Slade,  42  Boscombe  Road,  Shepherd's  Bush, 

London,  W. 
1889.  Treharnc,  Gwilym  Alexander,  I'ontypridd;  and  Aberdare. 
1889.  Vesian,  John  Stuart  Ellis  de,  ~>  Crown  Court,  Cheapside,  London.  E.C. 

\^Biceps,  London.'] 
1878.  Waddington,  John,  Jan.,  35  King  William  Street,  London  Bridge,  London, 

E.C. 

1888.  Waddington,  Samuel  Sugden,  Wortley  Villa,  Sydenham,  London,  S.E. 

1885.  Wakefield,  William  Marsdcn,  care  of  Mark  W.  Carr,  Government  Railway, 

Pietermaritzburg,  Natal,  South  Africa. 
1884.  AValker,  Rnlph  Teasdale,  Fabrick  Olean,  Sitoebondo,  Java  :  (or  Kaliemaas, 

Alley ne  Park,  West  Dulwich,  London,  S.E.) 
1888.  Waving,  Henry,  Messrs.  J.  Edmundson  and  Co.,  Stafford  Works,  35  Capel 

Street,  Dublin  ;  and  Elsinore,  Harold's  Cross  Road,  Dublin. 

1886.  Warren,   Frank   Llewellyn,  73  Breakspears  Road,   St.  John's,  London, 

S.E. 
188G.  Wesley,  Joseph  A.,  Clarke's  Crank  and  Forge  Works,  Lincoln. 
1883.  Westmacott,  Henry  Armstrong,  Sir  W.  G.  Armstrong  Mitchell  and  Co., 

Elswick  Works,  Newcastle-on-Tyne ;  and  Benwell  Hill,  Ncwcastle-oH- 

Tyne. 
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1880.  Weymouth,  Francis  Marten,  33  Alfred  Eoad,  Acton,  London,  W. 

1888.  Whichello,  Kichard,  Messrs.  Max  Nothmann  and  Co.,  Kio  de  Janeiro, 

Brazil :  (or  41  Trumpington  Street,  Cambridge.) 

1889.  Wigham,  John  Cuthbert,  Messrs.  J.  Edmundson  and  Co.,  Stafford  WorliS; 

35  Capel  Street,  Dublin. 
1889.  Willis,  Edward  Turulcy,   99  Shooter's  Hill  Eoad,  Blackheath,  London, 

S.E. 
1889.  Winkfield,   Richard    Ernest,    Locomotive    Department,    Great  Western 

Railway,  Swindon. 
1879.  Wood,  Edward  Walter  Nealor,  7  Theresa  Terrace,  Hammersmith,  London, 

W. 
1885.  Wray,   Charles   Drinkwater,  care    of    Lieut.-General    Henry  Wray,    101 

Comeragh  Road,  West  Kensington,  London,  S.W. 

1887.  Wrench,  John  Henry  Kirke,  Park  Lodge,  Baslow,  Chesterfield. 

1889.  Wright,  Howard  Theophilus,  16  Great  George  Street,  Westminster,  S.W. 

1888.  Yates,  Edward,  Watling  Works,  Stony  Stratford. 
1884.  Yokoi,  Saku,  110  Rue  de  Turenne,  Paris. 
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THE  INSTITUTION  OF  MECHANICAL  ENGINEERS. 


gItmonmLium  jof  Sssonation. 

August  1S78. 

1st.  The  name  of    the  Association    is  "The    Institution    of 
Mecuanical  Engineers." 

2nd.  The  Eegisterecl  Office  of  the  Association  will  be  situate  in 
England. 

3rd.  The  objects  for  which  the  Association  is  established  are  : — 

(a.)  To  promote  the  science  and  practice  of  Mechanical 
Engineering  and  all  branches  of  mechanical  construction, 
and  to  give  an  impulse  to  inventions  likely  to  be  useful  to  the 
Members  of  the  Institution  and  to  the  community  at  large. 

(b.)  To  enable  Mechanical  Engineers  to  meet  and 
to  correspond,  and  to  facilitate  the  interchange  of  ideas 
respecting  improvements  in  the  various  branches  of 
mechanical  science,  and  the  publication  and  communication 
of  information  on  such  subjects. 

(c.)  To  acquire  and  dispose  of  property  for  the  purposes 
aforesaid. 

(d.)  To  do  all  other  things  incidental  or  conducive  to 
the  attainment  of  the  above  objects  or  any  of  thcra. 
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4t]i.  The  income  and  property  of  the  Association,  from  wliatever 
source  derived,  sliall  be  applied  solely  towards  the  promotion  of 
the  objects  of  the  Association  as  set  forth  in  this  Memorandum  of 
Association,  and  no  portion  thereof  shall  be  paid  or  transferred 
directly  or  indirectly,  by  way  of  dividend,  bonus,  or  otherwise 
howsoever,  by  way  of  profit  to  the  persons  who  at  any  time  are 
or  have  been  Members  of  the  Association,  or  to  any  of  them,  or 
to  any  person  claiming  through  any  of  them  :  Provided  that 
nothing  herein  contained  shall  prevent  the  payment  in  good  faith 
of  remuneration  to  any  officers  or  servants  of  the  Association,  or 
to  any  Member  of  the  Association,  or  other  person,  in  retui-n  for 
any  services  rendered  to  the  Association,  or  prevent  the  giving  of 
privileges  to  the  Members  of  the  Association  in  attending  the 
meetings  of  the  Association,  or  prevent  the  borrowing  of  money 
(under  such  powers  as  the  Association  and  the  Council  thereof  may 
possess)  from  any  Member  of  the  Association,  at  a  rate  of  interest 
not  greater  than  five  per  cent,  per  annum. 

5th.  The  fourth  paragraph  of  this  Memorandum  is  a  condition 
on  which  a  licence  is  granted  by  the  Board  of  Trade  to  the 
Association  in  pursuance  of  Section  23  of  the  Companies  Act  1867. 
For  the  purpose  of  preventing  any  evasion  of  the  terms  of  the 
said  fourth  paragraph,  the  Board  of  Trade  may  from  time  to  time, 
on  the  application  of  any  Member  of  the  Association,  impose  further 
conditions,  which  shall  be  duly  observed  by  the  Association. 

6th.  If  the  Association  act  in  contravention  of  the  fourth 
paragrajih  of  this  Memorandum,  or  of  any  such  further  conditions, 
the  liability  of  every  Member  of  the  Council  shall  be  unlimited ; 
and  the  liability  of  every  Member  of  the  Association  who  has  received 
any  such  dividend,  bonus,  or  other  profit  as  aforesaitl,  shall  likewise 
be  unlimited. 

7th.  Every  Member  of  the  Association  undertakes  to  contribute 
to  the  Assets  of  the  Association  in  the  event  of  the  same  being 
wound  up  dui'ing  the   time  that  he  is   a   Member,  or   within  one 
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year  afterwards,  for  payment  of  the  debts  and  liabilities  of  the 
Association  contracted  before  the  time  at  wliich  be  ceases  to  be 
a  Member,  and  of  the  costs,  charges,  and  expenses  for  winding  up 
the  same,  and  for  the  adjustment  of  the  rights  of  the  contributories 
amongst  themselves,  such  amount  as  may  be  required  not  exceeding 
Five  Shillings,  or  in  case  of  his  liability  becoming  unlimited  such 
other  amount  as  may  be  required  in  pursuance  of  the  last  preceding 
paragraph  of  this  Memorandum. 

8th.  If  upon  the  winding  up  or  dissolution  of  the  Association 
there  remains,  after  the  satisfaction  of  all  its  debts  and  liabilities, 
any  property  whatsoever,  the  same  shall  not  be  paid  to  or  distributed 
among  the  Members  of  the  Association,  but  shall  be  given  or 
transferred  to  some  other  Institution  or  Institutions  having  objects 
similar  to  the  objects  of  the  Association,  to  be  determined  by  the 
Members  of  the  Association  at  or  before  the  time  of  dissolution ;  or 
in  default  thereof,  by  such  Judge  of  the  High  Court  of  Justice  as  may 
iave  or  acquire  jurisdiction  in  the  matter. 
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Articles  of  ^ssaciutioir. 

August  1S7S. 


INTRODUCTION.  . 

Whereas  an  Association  (hereinafter  called  "  the  existing 
Institution")  called  "The  Institution  of  Mechanical  Engineers" 
has  long  existed  for  objects  similar  to  the  objects  expressed  in 
the  Memorandum  of  Association  of  the  Association  (hereinafter 
called  "the  Institution")  to  which  these  Articles  apply,  and  the 
existing  Institution  consists  of  Members,  Graduates,  Associates,  and 
Honorary  Life  Members,  and  is  possessed  of  books,  drawings,  and 
property  used  for  the  objects  aforesaid  ; 

And  whereas  the  Institution  is  formed  for  furthering  and 
extending  the  objects  of  the  existing  Institution,  by  a  registered 
Association,  under  the  Companies  Acts  18G2  and  1867  ;  and  terms 
used  in  these  Articles  are  intended  to  have  the  same  respective 
meanings  as  they  have  when  used  in  those  Acts,  and  words  implying 
the  singular  number  are  intended  to  include  the  plural  number, 
and  vice  versa ; 

Now    THEREFORE    IT    IS    HEREBY    AGREED    aS    followS  : 


CONSTITUTION. 

1.  For  the  purpose  of  registration  the  number  of  Members  of 
the  Institution  is  unlimited. 


XCiv  AUTICLE8    OF    ASSOCIATION.  1889. 


MEMBERS. 

2.  The  subscribers  of  the  I^Iemorandura  of  Association,  and 
such  other  persons  as  shall  bo  admitted  in  accordance  with  these 
Articles,  and  none  others,  shall  be  Members  of  the  Institution,  and 
be  entered  on  the  register  as  sucli. 

3.  Any  person  may  become  a  Member  of  the  Institution  who, 
being  a  Member  of  the  existing  Institution,  shall  agree  to  transfer 
his  membership  of  the  existing  Institution,  and  all  rights  and 
obligations  incidental  thereto,  to  the  Institution,  and  to  be  registered 
as  a  Member  of  the  Institution  accordingly. 

4.  Any  person  may  become  a  Member  of  the  Institution  who 
shall  be  qualified  and  elected  as  hereinafter  mentioned,  and  shall 
agree  to  become  such  Member,  [and  shall  pay  the  entrance  fee  and 
first  subscription  accordingly. 

5.  The  rights  and  privileges  of  every  Member  of  the  Institution 
shall  be  personal  to  himself,  and  shall  not  be  transferable  or 
transmissible  by  his  own  act  or  by  operation  of  law. 


QUALIFICATION  AND  ELECTION  OF  MEMBERS. 

6.  The  qualification  of  Members  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

7.  The  election  of  Members  shall  be  conducted  as  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles. 
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GEADUATES,  ASSOCIATES, 
AND  HONOEAEY  LIFE  MEMBEES. 

8.  Any  person  may  become  a  Graduate,  Associate,  or  Honorary 
Life  Member  of  the  Institution,  -who,  being  already  a  Graduate, 
Associate,  or  Honorary  Life  Member  of  the  existing  Institution, 
shall  agree  to  transfer  his  interest  in  the  existing  Institution,  and  all 
rights  and  obligations  incidental  thereto,  to  the  Institution. 

9.  The  Institution  may  admit  such  other  persons  as  may  be 
hereafter  qualified  and  elected  in  that  behalf  as  Graduates,  Associates, 
and  Honorary  Life  Members  respectively  of  the  Institution,  and 
may  confer  upon  them  such  privileges  as  shall  be  prescribed  by  the 
By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles  : 
Provided  that  no  Graduate,  Associate,  or  Honorary  Life  Member 
shall  be  deemed  to  be  a  Member  within  the  meaning  of  the  Articles. 

10.  The  qualification  and  mode  of  election  of  Graduates, 
Associates,  and  Honorary  Life  Members,  shall  be  prescribed  by 
the  By-laws  from  time  to  time  in  force,  as  provided  by  the  Articles. 

ENTEANCE  FEES  AXD  SUBSCEIPTIONS. 

11.  The  Entrance  Fees  and  Subscriptions  of  Members,  Graduates, 
and  Associates,  shall  be  prescribed  by  the  By-laws  from  time  to 
time  in  force,  as  provided  by  the  Articles  :  Provided  that  no  Entrance 
Fee  shall  be  payable  by  a  Member,  Graduate,  or  Associate  of  the 
existing  Institution. 

EXPULSION. 

12.  If  any  Member,  Graduate,  or  Associate  shall  leave  his 
subscription  in  arrear  for  two  years,  and  shall  fail  to  pay  such 
arrears  within  three  months  after  a  written  application  has  been 
sent  to  him  by  the  Secretary,  his  name  may  be  struck  off  the  list  of 
Members,  Graduates,  or  Associates,  as  the  case  may  be,  by  the 
Council,  at  any  time  afterwards,  and  he  shall  thereupon  cease  to 
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have  any  rights  as  a  IMerabor,  Graduate,  or  Associate,  but  he  shall 
ueverthcless  contiuue  liable  to  pay  the  arrears  of  subscription  due 
at  the  time  of  his  name  being  so  struck  oflf :  Provided  always,  that 
this  regulation  shall  not  be  construed  to  compel  the  Council  to 
remove  any  name  if  they  shall  be  satisfied  the  same  ought  to  be 
retained. 

13.  The  Council  may  refuse  to  continue  to  receive  the 
subscriptions  of  any  person  who  shall  have  wilfully  acted  in 
•contravention  of  the  regulations  of  the  Institution,  or  who  shall 
in  the  opinion  of  the  Council  have  been  guilty  of  such  conduct 
as  shall  have  rendered  him  unfit  to  contiuue  to  belong  to  the 
Institution ;  and  may  remove  his  name  from  the  list  of  Members, 
Graduates,  or  Associates  (as  the  case  may  be),  and  such  person  shall 
thereupon  cease  to  be  a  Member,  Graduate,  or  Associate  (as  the  case 
may  be)  of  the  Institution. 


GENERAL  MEETINGS. 

14.  The  first  General  Meeting  shall  be  held  on  such  day, 
within  four  months  of  the  registration  of  the  Institution,  as  the 
Council  shall  determine.  Subsequent  General  Meetings  shall  consist 
of  the  Ordinary  Meetings,  the  Annual  General  Meeting,  and  of 
Special  Meetings  as  hereinafter  defined. 

15.  The  Annual  General  Meeting  shall  take  place  in  London  in 
one  of  the  first  four  months  of  every  year.  The  Ordinary  Meetings 
shall  take  place  at  such  times  and  places  as  the  Council  shall 
determine. 

IG.  A  Special  Meeting  may  be  convened  at  any  time  by  the 
Council,  and  shall  be  convened  by  them  whenever  a  requisition 
signed  by  twenty  Members  of  the  Institution,  specifying  the  object 
of  the  Meeting,  is  left  with  the  Secretary.  If  for  fourteen  days 
after  the  delivery  of  such  requisition  a  Meeting  be  not  convened 
in  accordance  therewith,  the  Eequisitionists  or  any  twenty  Members 
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•of  tlie   Institution  may   convene   a  Special  Meeting  in  accordance 
with  the  requisition.     All  Special  Meetings  shall  be  held  in  London. 

17.  Seven  clear  days'  notice  of  every  Meeting,  specifying  generally 
"the  nature  of  any  special  business  to  be  transacted  at  any  Meeting, 
•ehall  be  given  to  every  Member  of  the  Institution,  and  no  other 
special  business  shall  be  transacted  at  such  Meeting ;  but  the  non- 
receipt  of  such  notice  shall  not  invalidate  the  proceedings  of  such 
Meeting.  No  notice  of  the  business  to  be  transacted  (other  than 
such  ballot  lists  as  may  be  requisite  in  case  of  elections)  shall  be 
required  in  the  absence  of  special  business. 

18.  Special  business  shall  include  all  business  for  transaction  at  a 
Special  Meeting,  and  all  business  for  transaction  at  every  other 
Meeting,  with  the  exception  of  the  reading  and  confirmation  of  the 
Minutes  of  the  previous  Meeting,  the  election  of  Members,  Graduates, 
:and  Associates,  and  the  reading  and  discussion  of  communications 
as  prescribed  by  tlie  By-laws,  or  any  regulations  of  the  Council 
made  in  accordance  with  the  By-laws. 


PEOCEEDINGS    AT    GENERAL    IMEETINGS. 

19.  Twenty  Members  shall  constitute  a  quorum  for  the  purj^ose 
of  a  Meeting  other  than  a  Special  Meeting.  Thirty  Members  shall 
•constitute  a  quorum  for  the  purposes  of  a  Special  Meeting. 

20.  If  within  thirty  minutes  after  the  time  fixed  for  holding  the 
Meeting  a  quorum  is  not  present,  the  Meeting  shall  be  dissolved,  and 
all  matters  which  might,  if  a  quorum  had  been  present,  have  been 
done  at  a  Meeting  (other  than  a  Sj)ecial  Meeting)  so  dissolved,  may 
forthwith  be  done  on  behalf  of  the  Meeting  by  the  Council. 

21.  The  President  shall  be  Chairman  at  every  Meeting,  and  in 
/his  absence  one  of  the  Vice-Presidents ;  and  in  the  absence  of  all 
"Vice-Presidents  a  Member  of  Council  shall  take  the  chair ;  and  if 
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no  Member  of  Council  be  present  and  willing  to  take  tbc  cliair,  tbo 
Meeting  sliall  elect  a  Chairman. 

22.  The  decision  of  a  General  Meeting  shall  be  ascertained  by 
show  of  hands,  unless,  after  the  show  of  hands,  a  poll  is  forthwith 
demanded,  and  by  a  poll  wlien  a  poll  is  thus  demanded.  Tho 
manner  of  taking  a  show  of  hands  or  a  poll  shall  be  in  tho 
discretion  of  the  Chairman,  and  an  entry  in  the  Minutes,  signed 
by  the  Chairman,  shall  be  sufficient  evidence  of  the  decision  of 
the  General  Meeting,  Each  Member  shall  have  one  vote  and  no 
more.  In  case  of  equality  of  votes  the  Chairman  shall  have 
a  second  or  casting  vote :  Provideel  that  this  Article  shall  not 
interfere  with  the  provisions  of  the  By-laws  as  to  election  by  ballot. 

23.  The  acceptance  or  rejection  of  votes  by  the  Chairman  shall 
be  conclusive  for  the  purpose  of  the  decision  of  the  matter  in  respect 
of  which  the  votes  are  tendered :  Provided  that  the  Chairman  may 
review  his  decision  at  the  same  Meeting  if  any  error  be  then  pointed 
out  to  him. 

BY-LAWS. 

24.  The  By-laws  set  forth  in  the  schedule  to  these  Articles,  and 
such  altered  and  additional  By-laws  as  shall  be  added  or  substituted 
as  hereinafter  mentioned,  shall  regulate  all  matters  by  the  Articles 
left  to  be  prescribed  by  the  By-laws,  and  all  matters  which 
consistently  with  the  Articles  shall  be  made  the  subject  of  By-laws. 
Alterations  in,  and  additions  to,  the  By-laws,  may  be  made  only  by 
resolution  of  the  Members  at  an  Annual  General  Meeting,  after 
notice  of  the  proposed  alteration  or  addition  announced  at  the 
previous  Ordinary  Meeting,  and  not  otherwise. 

COUNCIL. 

25.  The  Council  of  the  Institution  shall  be  chosen  from  the 
Members  only,  and  shall  consist  of  one  President,  six  Vice- 
Presidents,  fifteen  ordinary  Members  of  Council,  and  of  the  Past- 
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Presidents ;  and  the  first  Council  (which  shall  include  Past-Presidents 
of  the  existing  Institution)  shall  be  as  follows : — 

PRESIDENT. 

John  Eobinsox Manchester. 

PAST-PRESIDENTS. 

Sir  William  G.  Armstrong,  C.B.,  D.C.L.,  LL.D.,  F.R.S.  Xewcastle-ou-Tyne. 

Frederick  J.  Bramwell,  F.E.S London. 

Thomas  Hawksley London. 

James  Kennedy Liverpool. 

John  Penn,  F.E.S London. 

John  Eamsbottom Manchester. 

C.  William  Siemens,  D.C.L.,  F.E.S London. 

Sib  Joseph  Whitworth,  Bart.,  D.C.L.,  LL.D.,  F.E.S.    .  Manchester. 

VICE-PRESIDENTS. 

I.  Lowthian  Bell,  IM.E.,  F.E.S Northallerton. 

Charles  Cochrane Stourbridge. 

Edward  A.  Cowper London. 

Charles  P.  Stewart London. 

Francis  W.  Webb Crewe. 

Percy  G.  B.  Westmacott Newcastle-on-Tyue. 

COUNCIL. 

Daniel  Adamson Branclicster. 

John  Antjerson,  LL.D.,  F.E.S.E London. 

Henry  Bessemer London. 

Henry  Chapman London. 

Edward  Easton London. 

David  Greig Leeds. 

Jeremiah  Head Middlesbrough. 

Thomas  E.  Hetherlngtox Manchester. 

HEamY  H.  Laird Birkenhead. 

William  Menelaus Dowlais. 

Arthur  Paget Lougliborough. 

John  Penn,  Jcn London. 

George  B.  Eennie London. 

William  Eichardson Oldham. 

John  C.  Wilson Bristol. 
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26.  The  first  Council  shall  continue  in  office  till  the  Annual 
General  Meeting  in  the  year  1879.  The  President,  two  Vice- 
Presidents,  and  five  Members  of  the  Council  (other  than  Past- 
Presidents),  shall  retire  at  each  succeeding  Annual  General  Meeting, 
but  shall  be  eligible  fur  re-election.  The  Vice-Presidents  and 
Members  of  Council  to  retire  each  year  shall,  unless  tlie  Council  agree 
amongst  themselves,  be  chosen  from  those  who  have  been  longest  in 
office,  and  in  cases  of  equal  seniority  shall  be  determined  by  ballot. 

27.  The  election  of  a  President,  Vice-Presidents,  and  Members- 
of  the  Council,  to  supply  the  place  of  those  retiring  at  the  Annual 
General  Meeting,  shall  be  conducted  in  such  manner  as  shall  be 
prescribed  by  the  By-laws  from  time  to  time  in  force,  as  provided; 
by  the  Articles. 

28.  The  Council  may  supply  any  casual  vacancy  in  the  Council 
(including  any  casual  vacancy  in  the  office  of  President)  which  shall 
occur  between  one  Annual  General  Meeting  and  another,  and  the 
President  or  Members  of  the  Council  so  appointed  by  the  Council 
shall  retire  at  the  succeeding  Annual  General  Meeting.  Vacancies 
not  filled  up  at  any  such  Meeting  shall  be  deemed  to  be  casual 
vacancies  within  the  meaning  of  this  Article. 


OFFICEES. 

29.  The  Treasurer,  Secretary,  and  other  employes  of  the 
Institution  shall  be  appointed  and  removed  in  the  manner  prescribed 
by  the  By-laws  from  time  to  time  in  force,  as  provided  by  the 
Articles.  Subject  to  the  express  provisions  of  the  By-laws  the 
officers  and  servants  of  the  Institution  shall  be  appointed  and 
removed  by  the  Council. 

30.  The  powers  and  duties  of  the  officers  of  the  Institution  shall 
(subject  to  any  express  provision  in  the  By-laws)  be  determined  by 
the  Council. 
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POWERS  AND  PEOCEDURE  OF  COUNCIL. 

31.  The  Council  may  regulate  their  own  procedure,  and  delegate- 
any  of  their  powers  and  discretions  to  any  one  or  more  of  their  body, 
and  may  determine  their  own  quorum:  if  no  other  number  is 
prescribed,  three  Members  of  Council  shall  form  a  quorum. 

32.  The  Council  shall  acquire  the  property  of  the  existing 
Institution,  and  shall  manage  the  property,  jiroceedings,  and  aiTair& 
of  the  Institution,  in  accordance  with  the  By-laws  from  time  to  time 
in  force. 

33.  The  Treasurer  may,  with  the  consent  of  the  Council,  invest 
in  the  name  of  the  Institution  any  moneys  not  immediately  required 
for  the  purposes  of  the  Institution  in  or  upon  any  of  the  following- 
investments  (that  is  to  say)  : — 

(a.)  The  Public  Funds,  or  Government  Stocks  of  the  United 
Kingdom,  or  of  any  Foreign  or  Colonial  Government 
guaranteed  by  the  Government  of  tlie  United  Kingdom. 

(b.)  Real  or  Leasehold  Securities,  or  in  the  purchase  of  real 
or  leasehold  properties  in  Great  Britain  or  Ireland. 

(c.)  Debentures,  Debenture  Stock,  or  Guaranteed  or  Preference 
Stock,  of  any  Company  incorporated  by  special  Act  of 
Parliament,  the  ordinary  Shareholders  whereof  shall  at 
the  time  of  such  investment  be  in  actual  receipt  of  half- 
yearly  or  yearly  dividends. 

(d.)  Stocks,  Shares,  Debentures,  or  Debenture  Stock  of  any 
Railway,  Canal,  or  other  Company,  the  undertaking 
whereof  is  leased  to  any  Railway  Company  at  a  fixed 
or  fixed  minimum  rent. 
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(e.)  Stocks,  Shares,  or  Debentures  of  any  East  Indian  Railway 
or  other  Company,  which  shall  receive  a  contribution 
from  Ilcr  Majesty's  East  Indian  Government  of  a  fixed 
annual  percentage  on  their  capital,  or  be  guaranteed  a 
fixed  annual  dividend  by  the  same  Government. 

(f.)  The  security  of  rates  levied  by  any  corporate  body 
empowered  to  borrow  money  on  the  security  of  rates, 
where  such  borrowing  has  been  duly  authorised  by 
Act  of  Parliament. 

34.  The  Council  may,  with  the  authority  of  a  resolution  of  the 
Members  in  General  Meeting,  borrow  moneys  for  the  purposes  of 
the  Institution  on  the  security  of  the  property  of  the  Institution. 

35.  No  act  done  by  the  Council,  whether  ultra  vires  or  not, 
which  shall  receive  the  express  or  implied  sanction  of  the  Members 
of  the  Institution  in  General  jMeeting,  shall  be  afterwards  impeached 
by  any  Member  of  the  Institution  on  any  ground  whatsoever,  but 
shall  be  deemed  to  be  an  act  of  the  Institution. 


NOTICES. 

36.  A  notice  may  be  served  by  the  Council  of  the  Institution 
upon  any  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
either  personally  or  by  sending  it  through  the  post  in  a  prepaid 
letter  addressed  to  such  Member,  Graduate,  Associate,  or  Honorary 
Life  Member,  at  his  registered  place  of  abode. 

37.  Any  notice,  if  served  by  post,  shall  be  deemed  to  have  been 
served  at  the  time  when  the  letter  containing  the  same  would  be 
delivered  in  the  ordinary  course  of  the  post,  and  in  proving  such 
service  it  shall  be  sufficient  to  prove  that  the  letter  containing  the 
notice  was  properly  addressed  and  put  into  the  post  office. 
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38.  No  Member,  Graduate,  Associate,  or  Honorary  Life  Member, 
not  having  a  registered  address  within  the  United  Kingdom  shall  be 
entitled  to  any  notice ;  and  all  proceedings  may  be  had  and  taken 
without  notice  to  such  Member  in  the  same  manner  as  if  he  had  had 
due  notice. 
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{Last  Revision,  January  1889.) 


MEMBERSHIP. 


1.  Members,  Graduates,  Associates,  and  Honorary  Life  Members 
of  the  existing  Institution,  may,  upon  signing  and  forwarding  to  the 
Secretary  of  the  Institution  a  claim  according  to  Form  D  in  the 
Appendix,  become  Members,  Graduates,  Associates,  or  Honorary 
Life  Members  respectively  of  the  Institution  without  election  or 
payment  of  entrance  fees. 

2.  Candidates  for  admission  as  Members  must  be  Engineers 
not  Tinder  twenty-four  years  of  age,  who  may  be  considered  by  the 
Council  to  be  qualified  for  election. 

3.  Candidates  for  admission  as  Graduates  must  be  Engineers 
holding  subordinate  situations  and  not  under  eighteen  years  of  age  ; 
and  they  may  afterwards  be  admitted  as  Members  at  the  discretion 
of  the  Council. 

4.  Candidates  for  admission  as  Associates  must  be  gentlemen 
not  under  twenty-four  years  of  age,  who  from  their  scientific 
attainments  or  position  in  society  may  be  considered  eligible  by 
the  Council. 

5.  The  Council  shall  have  the  power  to  nominate  as  Honorary 
Life  Members  gentlemen  of  eminent  scientific  acquirements,  who 
in  their  opinion  are  eligible  for  that  position. 

6.  The  Members,  Graduates,  Associates,  and  Honorary  Life 
Members  shall  have  notice  of  and  the  privilege  to  attend  all 
Meetings,  but  Members  only  shall  be  entitled  to  vote  thereat. 
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ENTEANCE  FEES  AND  SUBSCRIPTIONS. 

7.  An  Entrance  Fee  of  £2  sliall  be  paid  by  eacb  Member,  except 
Members  of  the  existing  Institution,  wlio  shall  pay  no  Entrance  Fee, 
and  Graduates  admitted  as  Members,  who  sliall  pay  an  Entrance  Fee 
of  £1.     Each  Member  shall  pay  an  Annual  Subscription  of  £3. 

8.  An  Entrance  Fee  of  £1  shall  be  paid  by  each  Graduate,  except 
Graduates  of  the  existing  Institution,  who  shall  pay  no  Entrance  Fee. 
Each  Graduate  shall  pay  an  Annual  Subscription  of  £2. 

9.  An  Entrance  Fee  of  £2  shall  be  paid  by  each  Associate,  except 
Associates  of  the  existing  Institution,  who  shall  j)ay  no  Entrance  Fee. 
Each  Associate  shall  pay  an  Annual  Subscription  of  £3. 

10.  All  Subscriptions  shall  be  payable  in  advance,  and  shall 
become  due  on  the  1st  day  of  January  in  each  year ;  and  the  first 
Subscription  of  Members,  Graduates,  and  Associates,  shall  date  from 
the  1st  day  of  January  in  the  year  of  their  election. 

11.  In  the  case  of  Members,  Associates,  or  Graduates,  elected  in 
the  last  three  months  of  any  year,  the  first  subscrij)tion  shall  cover 
both  the  year  of  election  and  the  succeeding  year. 

12.  The  Council  may  at  their  discretion  reduce  or  remit  the 
Annual  Subscription,  or  the  arrears  of  Annual  Subscription,  of  any 
Member  who  shall  have  been  a  subscribing  Member  of  the  Institution 
for  twenty  years,  and  shall  have  become  unable  to  continue  the 
Annual  Subscrii^tion  provided  by  these  By-laws. 

13.  No  Proceedings  or  Ballot  Lists  shall  be  sent  to  Members, 
Associates,  or  Graduates,  who  are  in  arrear  with  their  subscriptions 
more  than  twelve  months,  and  whose  subscriptions  shall  not  have 
been  remitted  by  the  Council  as  hereinbefore  provided. 
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ELECTION  OF  MEMBERS,  GRADUATES,  AND 
ASSOCIATES. 

14.  A  recommeuclation  for  admission  according  to  Form  A  in 
the  Appendix  sliall  be  forwarded  to  the  Secretary,  and  by  him  be 
laid  before  the  next  Meeting  of  the  Council.  The  recommendation 
must  bo  signed  by  not  less  than  five  Members  if  the  application 
be  for  admission  as  a  Member  or  Associate,  and  by  three  Members 
if  it  be  for  a  Graduate. 

15.  All  Elections  shall  take  place  by  ballot,  three-fifths  of 
the  votes  given  being  necessary  for  election. 

16.  All  ajiplications  for  admission  shall  be  communicated  by 
the  Secretary  to  the  Council  for  their  approval  previous  to  being 
inserted  in  the  ballot  list  for  election,  and  the  approved  ballot  list 
shall  be  signed  by  the  President  and  forwarded  to  the  Members. 
The  ballot  list  shall  specify  the  name,  occupation,  and  address  of 
the  Candidates,  and  also  by  whom  proposed  and  seconded.  The 
lists  shall  be  opened  only  in  the  presence  of  the  Council  on  the  day 
of  election,  by  a  Committee  to  be  appointed  for  that  purpose. 

17.  The  Elections  shall  take  place  at  the  General  Meetings  only. 

18.  When  the  j)roposed  Candidate  is  elected,  the  Secretary 
shall  give  him  notice  thereof  according  to  Form  B;  but  his  name 
shall  not  be  added  to  the  list  of  Members,  Graduates,  or  Associates 
of  the  Institution  until  he  shall  have  paid  his  Entrance  Fee  and  first 
Annual  Subscription,  and  signed  the  Form  C  in  the  Appendix. 

19.  In  case  of  non-election,  no  mention  thereof  shall  be  made  in 
the  Minutes,  nor  any  notice  given  to  the  unsuccessful  Candidate. 

20.  A  Graduate  or  Associate  desirous  of  being  transferred  to  the 
class  of  Members  shall  forward  to  the  Secretary  a  recommendation 
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according  to  Form  E  ia  tlie  Appendix,  signed  by  not  less  tlian  five 
jMembers,  wliicli  shall  be  laid  before  tbe  next  meeting  of  Council  for 
their  approval.  On  their  approval  being  given,  the  Secretary  shall 
notify  the  same  to  the  Candidate  according  to  Form  F  if  an  Associate, 
and  according  to  Form  G  if  a  Graduate ;  but  his  name  shall  not  be 
added  to  the  list  of  Members  until  he  shall  have  signed  the  Form  H, 
and,  if  a  Graduate,  shall  have  paid  £1  additional  entrance  fee,  and 
£1  additional  subscription  for  the  current  year. 


ELECTION  OF  PEESIDENT,  VICE-PEESIDENTS,  AND 
MEMBERS  OF  COUNCIL. 

21.  Candidates  shall  be  put  in  nomination  at  the  General 
Meeting  preceding  the  Annual  General  Meeting,  when  the  Council 
are  to  present  a  list  of  their  retiring  Members  who  oifer  themselves 
for  re-election ;  any  Member  shall  then  be  entitled  to  add  to  the 
list  of  Candidates.  The  ballot  list  of  the  proposed  names  shall 
be  forwarded  to  the  Members.  The  ballot  lists  shall  be  opened  only 
in  the  presence  of  the  Council  on  the  day  of  election,  by  a  Committee 
to  be  appointed  for  that  purpose. 


APPOINTMENT  AND  DUTIES  OF  OFFICERS. 

22.  The  Treasurer  shall  be  a  Banker,  and  shall  hold  the 
uninvested  funds  of  the  Institution,  except  the  moneys  in  the  hands 
of  the  Secretary  for  current  expenses.  He  shall  be  appointed  by  the 
Members  at  a  General  or  Special  Meeting,  and  shall  hold  office  at 
the  pleasure  of  the  Council. 

23.  The  Secretary  of  the  Institution  shall  be  appointed  as  and 
when  a  vacancy  occurs  by  the  Members  at  a  General  or  Special 
Meeting,  and  shall  be  removable  by  the  Council  uj^on  six  months' 
notice  from  any  day.  The  Secretary  shall  give  the  same  notice.  Tlie 
Secretary  shall  devote  the  whole  of  his  time  to  the  work  of  the 
Institution,  and  shall  not  engage  in  any  other  business  or  profession.  - 

H   2 
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24.  It  sliall  be  the  duty  of  the  Secretary,  under  the  direction 
of  the  Council,  to  conduct  the  correspondence  of  the  Institution  ; 
to  attend  all  meetings  of  the  Institution,  and  of  the  Council,  and  of 
Committees ;  to  take  minutes  of  the  proceedings  of  such  meetings ; 
to  read  the  minutes  of  the  preceding  meetings,  and  all  communications 
that  he  may  be  ordered  to  read ;  to  superintend  the  publication  of 
such  papers  as  the  Council  may  direct ;  to  have  the  charge  of  the 
library;  to  direct  the  collection  of  the  subscriptions,  and  the 
preparation  of  the  account  of  expenditure  of  the  funds ;  and  to 
present  all  accoimts  to  the  Council  for  inspection  and  approval.  He 
shall  also  engage  (subject  to  the  approval  of  the  Council)  and  be 
responsible  for  all  persons  employed  under  him,  and  set  them  their 
portions  of  work  and  duties.  He  shall  conduct  the  ordinary  business 
of  the  Institution,  in  accordance  with  the  Articles  and  By-laws  and 
the  directions  of  the  President  and  Council ;  and  shall  refer  to  the 
President  in  any  matters  of  difficulty  or  importance,  requiring 
immediate  decision. 

MISCELLANEOUS. 

25.  All  Papers  shall  be  submitted  to  the  Council  for 
approval,  and  after  their  approval  shall  be  read  by  the  Secretary  at 
the  General  Meetings,  or  by  the  Author  with  the  consent  of  the 
Council. 

26.  All  books,  drawings,  communications,  &c.,  shall  be  accessible 
to  the  Members  of  the  Institution  at  all  reasonable  times. 

27.  All  communications  to  the  Meetings  shall  be  the  property  of 
the  Institution,  and  be  published  only  by  the  authority  of  the 
Council. 

28.  None  of  the  property  of  the  Institution — books,  drawings, 
&c, — shall  be  taken  out  of  the  premises  of  the  Institution  without 
the  consent  of  the  Council. 
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29.  All  donations  to  tlie  Institution  shall  be  enumerated  in  the 
Annual  Eeport  of  the  Council  presented  to  the  Annual  General 
Meeting. 

30.  The  General  Meetings  shall  be  conducted  as  far  as 
practicable  in  the  following  order  : — 

1st.  The  Chair  to  be  taken  at  such  hour  as  the  Council 
may  direct  from  time  to  time. 

2nd.  The  Minutes  of  the  previous  Meeting  to  be  read  by 
the  Secretary,  and,  after  being  approved  as  correct,  to 
be  signed  by  the  Chairman. 

3rd.  The  Ballot  Lists,  previously  opened  by  the  Council, 
to  be  presented  to  the  Meeting,  and  the  new  Members, 
Graduates,  and  Associates  elected  to  be  announced. 

4th.  Papers  approved  by  the  Council  to  be  read  by  the 
Secretary,  or,  with  the  consent  of  the  Council,  by  the 
Author. 

31.  Each  Member  shall  have  the  privilege  of  introducing  one 
friend  to  any  of  the  Meetings  ;  but,  during  such  portion  of  any 
meeting  as  may  be  devoted  to  any  business  connected  with  the 
management  of  the  Institution,  visitors  shall  be  requested  by  the 
Chairman  to  withdraw,  if  any  Member  asks  that  this  shall  be  done. 

32.  Every  Member,  Graduate,  Associate,  or  Visitor,  shall  write 
his  name  and  residence  in  a  book  to  be  kept  for  the  purpose,  on 
entering  each  Meeting. 

33.  The  President  shall  ex  officio  be  Member  of  all  Committees 
of  Council. 
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34.  Seven  clear  days'  notice  at  least  shall  be  given  of  every 
meeting  of  the  Coimcil.  Such  noiico  shall  specify  generally  the 
business  to  be  transacted  by  the  meeting.  No  business  involving 
the  expenditure  of  the  funds  of  the  Institution  (except  by  way  of 
payment  of  current  salaries  and  accounts)  sliall  be  transacted  at 
any  Council  meeting  unless  specified  in  the  notice  convening  the 
meeting. 

35.  The  Council  shall  present  the  yearly  accounts  to  the 
Members  at  the  Annual  General  Meeting,  after  being  audited  by  a 
professional  accountant,  who  shall  bo  aj^pointed  annually  by  tlie 
Members  at  a  General  or  a  Special  Meeting,  at  a  remuneration  to  be 
then  fixed  by  the  Members. 

36.  Any  Member  wishing  to  have  a  copy  of  the  Papers  sent  to 
him  for  consideration  beforehand  can  do  so  by  sending  in  his  name 
once  in  each  year  to  the  Secretary ;  and  a  copy  of  all  Papers  shall 
then  be  forwarded  to  him  as  early  as  possible  prior  to  the  date  of  the 
Meeting  at  which  they  are  intended  to  be  read. 

37.  At  any  Meeting  of  the  Institution  any  Member  shall  be  at 
liberty  to  re-open  the  discussion  upon  any  Pajier  which  has  been 
read  or  discussed  at  the  preceding  Meeting ;  provided  that  he 
signifies  his  intention  to  the  Secretary  at  least  one  month  jireviously 
to  the  Meeting,  and  that  the  Council  decide  to  include  it  in  the 
notice  of  the  Meeting  as  part  of  the  business  to  be  transacted. 
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APPENDIX. 


FOEM  A. 

Mr.  being  not  under  twenty-four  years  of  age,  and  desirous 

of  admission  into  the  Institution  of  Mechanical  Engineers,  we  the 
undersigned  proposer  and  seconder  from  our  personal  knowledge,  and  we 
the  three  other  signers  from  trustworthy  information,  propose  and  recommend 
him  as  a  proper  person  to  become  a  thereof. 

Witness  our  hands,  this  day  of 

Members. 


FOEM  B. 

Sir, — I  have  to  inform  you  that  on  the  you 

were  elected  a  of  the  Institution  of  Mechanical  Engineers. 

In  conformity  with  the  rules,  your  election  cannot  be  confirmed  until  the 
enclosed  form  be  returned  to  me  with  your  signature,  and  until  your  Entrance 
Fee  and  first  Annual  Subscription  be  paid,  the  amounts  of  which  are 
and  respectively.     If  these  be  not  received  within  two  months  from 

the  present  date,  the  election  will  become  void. 

I  am.  Sir, 

Your  obedient  servant, 

Secretary. 


FOEM   C. 

I,  the  undersigned,  being  elected  a  of  the 

Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  are  now  formed  or  as 
they  may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the 
Institution  as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings 
thereof  as  often  as  I  conveniently  can :  provided  that,  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  from 
the  Institution,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  be  free  from  this  obligation. 

Witness  my  hand,  this  day  of 


FOEM  D. 

As  a  of  the  Institution  of  Mechanical  Engineers,  I  claim 

to  become  a  of  the  Association  incorporated  under  the  same  name. 

Please  register  me  as  a 
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FORM  E. 

Mr.  being  of  the  required  age,  and  desirous  of  being 

transferred  into  the  class  of  Members  of  the  Institution,  we,  the  undersigned, 
from  our  personal  knowledge,  recommend  him  as  a  proper  person  to  become  a 
Member  of  the  Institution  of  Mechanical  Engineers. 


FORM  F. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  Members  of  the  Institution  of  Mechanical  Engineers. 
In  conformity  with  the  rules,  your  transference  cannot  be  confirmed  until  the 
enclosed  form  be  returned  to  me  with  your  signature.  If  this  be  not  received 
within  two  months  from  the  present  date,  the  transference  will  become  void. 

I  am.  Sir, 

Your  obedient  servant. 

Secretary. 


FORM  G. 

Sir, — I  have  to  inform  you  that  the  Council  have  approved  of  your  being 
transferred  to  the  class  of  Members  of  the  Institution  of  Mechanical  Engineers. 
In  conformity  with  the  rules,  your  transference  cannot  be  confirmed  until  the 
enclosed  form  be  returned  to  me  with  your  signature,  and  until  your 
additional  Entrance  Fee  (£1)  and  additional  Annual  Subscription  (£1)  be 
paid  for  the  current  year.  If  these  be  not  received  within  two  months  from 
the  present  date,  the  transference  will  become  void. 

I  am,  Sir, 

Your  obedient  servant. 

Secretary. 

FORM  H. 

I,  the  undersigned,  having  been  transferred  to  the  class  of  Members  of  the 
Institution  of  Mechanical  Engineers,  do  hereby  agree  that  I  will  be  governed 
by  the  regulations  of  the  said  Institution,  as  they  now  exist,  or  as  they 
may  hereafter  be  altered ;  that  I  will  advance  the  objects  of  the  Institution 
as  far  as  shall  be  in  my  power,  and  will  attend  the  Meetings  thereof  as  often 
as  I  conveniently  can :  provided  that,  whenever  I  shall  signify  in  writing  to 
the  Secretary  that  I  am  desirous  of  withdrawing  from  the  Institution,  I  shall 
(after  the  payment  of  any  arrears  which  may  be  due  by  me  at  that  period)  be 
free  from  this  obligation. 

Witness  my  hand,  this  day  of 
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PROCEEDINGS. 


January  1889. 


The  Forty-Second  Annual  General  Meeting  of  tlio  Institution 
was  held  in  the  rooms  of  the  Institution  of  Civil  Engineers,  London, 
on  Wednesday,  30th  January  1889,  at  Half-past  Seven  o'clock  p.m.  ; 
Edward  H.  Carbutt,  Esq.,  Eetiring  President,  in  the  chair,  succeeded 
by  Charles  Cochrane,  Esq.,  President  elected  at  the  Meeting. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  oi)ened  by  a  committee  of  the  Council, 
and  that  the  following  twenty-two  candidates  were  found  to  be  duly 
elected : — 

MEMBERS. 

Samuel  Gordon  Brebner,    . 

Francis  Clarke, 

Wolf  Defries, 

Harry  Etches, 

Henry  Bedwell  Fisher, 

James  Walter  Grimshaw,  . 

Alfred  Farquharson  Hoggins, 

James  Knox, 

Arthur  John  Lucy, 


Egbert  Lundon, 
George  Macallan, 
Adam  Miller,   . 
Joseph  Edward  Needham, 


Poena. 

Canterbury. 

London. 

Eastbourne. 

Brighton. 

Sydney. 

Birmingham, 

Auckland,  N.Z. 

Calcutta. 

Melbourne. 

London. 

London. 

London. 


Kl-ECTION    OF    NKW    MEMBERS. 


Jax.  1889. 


Fred  Ogden, 
Alan  Wood  Eendell, 
Joseph  Richmond, 
Alfred  Towler, 
Joseph  John  Tyrkell, 

associate. 
Frederick  William  Golby, 


London. 

Kanchrapara. 

London. 

Leeds. 

Lincoln. 

London. 


GRADUATES. 

Frederick  Alexander  William  Brown,     Woolwich. 
William  Ernest  Hampton,  .  .  .     AVoolwicli. 

Walter  Eoope,  .  .  ...     London. 

Tlie  election  of  Mr.  Jolin  Darbysliire,  of  Bradford,  whose  name 
had  been  included  in  the  Ballot  List,  was  unfortunately  rendered 
void  by  his  subsequent  decease. 


The  fuUowing  Annual  Report  of  the  Council  was  then  read  : — 


Jax.  1889. 


ANNUAL  EEPOET  OF  THE  COUNCIL. 

1889. 

The  Annual  Eeport  wLiich  the  Council  have  now  the  pleasure 
of  presenting  to  the  Members  marks  the  completion  of  the 
forty-second  year  since  the  establishment  of  this  Institution  in 
18i7.  At  the  end  of  last  year  the  number  of  names  of  all  classes 
on  the  roll  of  the  Institution  was  1806,  as  compared  with  1741  at 
the  end  of  the  previous  year,  showing  a  net  gain  of  65.  During  1888 
there  were  added  to  the  register  143  names ;  against  which  the  loss 
by  deceases  was  17,  and  by  resignation  or  removal  61. 

The  following  transferences  of  Graduates  to  the  class  of  Members 
have  been  made  by  the  Council  in  1888 : — 


John  Herbert  Holroyd, 
Thomas  Egertox  Keyworth, 
Charles  Herbert  Scott, 
3IATTHEW  "Walker, 
Egbert  Johx  Walker, 


The  following  twenty-five  Deceases 
have  occurred  during  the  past  year 

JosErn  Armstroxg  (Graduate), 

William  Bawdex, 

William  Clark,   . 

Francis  Christopher  Cockey 

Thomas  Eussell  Crampton, 

CiEORGE  Davidson, 

William  Alfred  Harry  De  Pape 

James  J.  A.  Flower,     . 

Otto  Gossell  (Associate), 

Egbert  Hadfield, 

Thomas  Elliot  Harrison, 

Charles  Markham, 

Sterges  Meek, 

William  IMuik, 

Albert  Lewis  Newdigate, 


India. 

Argentine  Eepublic. 

Sheffield. 

Xottingliam. 

Shap. 


of  Members  of  the  Institution 


Wolverhampton. 

^Manchester. 

Maufitield. 

Frome. 

London. 

Sydney. 

Tottenham. 

London. 

London. 

Sheffield. 

Xewcastle-on-Tyne. 

Chesterfield. 

Manchester. 

London. 

Dover. 

I  2 


ANNUAL   EEPOKT. 

Jan.  1880. 

Ralph  Teacock  (dcceasetl  1887),    . 

.     Goole. 

JosiAH  Richards, 

.     Pontypool. 

Henry  Robeut.sox, 

.     Corweii. 

The  Hon.  "Wili-Iam  Rlssell,  .... 

Deiuerara. 

Frank  Salter,     ...... 

Londou. 

Charles  Henry  Turnbull,   .... 

Liverpool. 

John  Waddell,     ...... 

.     EJiuburgh. 

Charles  Wethekell  "Wakdle, 

Lfc-ds. 

Patiiick  Laiihert  Weatiiekhead, 

Seville. 

Benjamin  Frederick  AVright,       .         .         .         . 

Japau. 
nf   ihf'   TnQfifnfiriTi 

from  the  year  of  its  commencement,  a  Member  of  Council  from  1879 
to  1882,  and  a  Yice-Presiclent  in  1883. 


Tlie  annual  deatli-rate  per  thousand  in  the  roll  of  the  Institution 
during  the  past  thirty-one  years  has  been  as  follows,  the  highest 
rate  having  been  21-16  in  1874  and  the  lowest  4-60  in  18G5, 
while  the  mean  for  the  whole  period  is  12 -32  per  thousand  per 
annum : — 


1857      9-97 

1865 

4-60 

1873 

15-69 

1881     14-89 

1858     14-66 

1866 

5-49 

1874 

21-16 

1882     16-79 

1859     15-35 

1867 

10-11 

1875 

13-75 

1883     16-67 

1860     16-36 

1868 

7-27 

1876 

18-45 

1884     12-87 

1861     12-93 

1869 

8-18 

1877 

12-09 

1885     10-98 

1862      6-04 

1870 

11-60 

1878 

14-91 

1886     13-14 

1863     14-81 

1871 

17-14 

1879 

6-79 

1887       9-76 

1864     17-48 

1872 

8-77 

1880 

8-26 

Mean    12-32 

The  following  twenty-two  gentlemen  have  ceased  to  be  Members 
of  the  Institution  during  the  past  year  : — 


John  Bailey, 

Edwin  Philp  Bastin, 
Alfred  LrTHER  Beattie,  . 
David  Stanley  Beesley  (Graduate), . 
Frederick  Aigustus  Bradley,  . 
Gerald  YAt'GHAN  Burrowes  (Graduate), 
John  Wilfrid  de  Villejiont  Galwey, 
Henry  John  Ccwtt  Keyjiek,    . 
Archibald  Robert  Mackintosh, 
George  Benjamin  Mallory. 


Bouloguc-sur-mer. 
Uxbridge. 
Dunediu,  KZ. 
Binuiugliam. 
Eldorado,  U.S. 
Golabgliaut,  ludia. 
"Warring  tou. 
Great  Yarmouth. 
Melbourne. 
New  York. 


Jan.  1889. 


ANNUAL    RErORT. 


WiLLIAJI   3IELLAXD   MaNLOVE, 

Bexjamin  McKay, 

AViLLiAji  jMallabey  Mukdock,    . 

EOBEET   KOBSON   NeWLOVE, 

Fkedeeic  "William  North, 
John  Sinclair  Pireie, 
Edward  Snowball,    . 
Major-General  Alexander  Sokoloff, 
George  Henry  Sollory  (Graduate), 
Brooke  Mlddlemore  Whithaed, 
George  Prangley'  Wilson, 
Samuel  William  Worssam, 


Cliestei'fielel. 

Mackay,  Queensland. 

Gilwern. 

Nottingham. 

Dudley. 

Croydon. 

New  Plymoutl),  N.Z. 

Cronstadt. 

Nottingham. 

London. 

Sheffield. 

London. 


Ill  addition  to  tliese  tliere  liavo  been  tliirty-nine  Eesignatious  of 
mcmLersliij). 

The  Accounts  for  tlie  year  ending  31  December  1888  are  now 
submitted  to  the  Members  (see  pages  10-13),  after  having  been 
passed  by  the  Finance  Committee,  and  certified  by  Mr.  Eobert  A. 
McLean,  chartered  accountant,  the  auditor  appointed  by  the 
Members  at  the  last  Annual  General  Meeting.  The  receipts 
during  the  year  were  £6,121  2s.  od.,  while  the  expenditure, 
actual  and  estimated,  was  £-5,219  5s.  3d.,  leaving  a  balance  of 
receipts  over  expenditure  of  £901  17s.  Od.  The  financial  position 
of  the  Institution  at  the  end  of  the  year  is  shown  by  the 
balance  sheet :  the  total  investments  and  other  assets  amount  to 
£27,009  18s.  Od. ;  and  allowing  £600  for  accounts  owing  but  not  yet 
rendered,  the  capital  of  the  Institution  amounts  to  £26,409  18s.  Od., 
of  which  the  greater  part,  as  seen  from  the  balance  sheet,  is  invested 
in  Eailway  Debenture  Stocks,  registered  in  the  name  of  the 
Institution. 


Since  the  reading  and  discussion  of  the  third  Report  by  the 
Eosearch  Committee  on  Friction,  under  the  chairmanship  of  Mr. 
Tomlinson,  which  dealt  with  the  friction  of  a  collar  bearing, 
arrangements  have  been  under  consideration  with  a  view  to  carrying 
out  a  similar  series  of  experiments  on  the  friction  of  pivot  bearings  ; 
and  the  machinery  necessary  is  now  being  made. 


6  ANNUAL    REPOUT.  Jax.  1880. 

Owing  to  tlio  tinio  aiul  labour  involved  in  working  out  the 
collateral  results  wLicli  tLo  Research  Committee  upon  Eiveted 
Joints,  under  the  chairmanship  of  the  President,  were  desirous 
should  be  embodied  by  Professor  Kennedy  in  his  licport  on  the  last 
set  of  specimen  joints,  the  completion  of  this  Report  in  the  form 
desired  has  been  much  delayed  ;  but  it  is  now  finished,  and  will  shortly 
be  in  the  hands  of  the  Members  (Proceedings  1888  pages  538-570). 

The  Research  Committee  appointed  to  draw  up  a  standard 
system  of  Marine-Engine  Trials,  of  which  Professor  Kennedy  i& 
the  chairman,  having  at  their  first  meetings  discussed  the  general 
lines  on  which  such  trials  should  be  conducted,  have  now  been  able 
to  carry  out  on  those  lines  several  trials  at  sea,  measuring  feed- 
water,  coal,  power,  &c.,  over  continuous  runs  of  fourteen  to  seventeen 
hours.  These  trials  have  been  made  under  Professor  Kennedy's 
direction  and  by  the  obliging  permission  of  the  ship-owners 
concerned ;  and  the  Report  on  the  first  of  them,  that  on  the  s.s. 
"  Meteor,"  has  been  adopted  by  the  Committee,  and  will  shortly  be 
placed  before  the  Members. 

The  work  of  collating  the  results  of  former  experiments  on  the 
value  of  the  Steam  Jacket  has  been  carried  forwards  by  the 
Research  Committee  under  the  chairmanship  of  Mr.  Henry  Davey  ^ 
and  they  have  also  made  arrangements  for  carrying  out,  as  soon  as 
convenient  opportunities  arise,  various  experiments  for  which  they 
have  received  obliging  offers  of  facilities  in  connection  wdth  engine& 
of  different  kinds. 

In  petitioning  the  House  of  Commons  in  April  against  the 
Architects'  Registration  Bill,  the  Council  had  the  advantage  of  being 
actively  and  effectually  supported  by  many  of  the  Members,  whose 
prompt  exertions  through  their  several  Members  of  Parliament 
resulted  in  the  withdrawal  of  the  bill.  As  the  statement  and 
petition  from  the  Council  against  the  bill  were  circulated  to  the 
Members  at  the  time  and  have  since  been  published  in  the 
Proceedings  (1888  pages  160-165),  it  would  be  unnecessary  to  refer 
to  them  now,  were  it  not  that  in  the  subsequent  annual  report  of 
the  Council  of  the  "  Society  of  Architects  "  the  withdrawal  of  the 
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bill  is  regretted,  anil  tlie  hope  is  expressed  that  ere  long  the  measure 
will  pass  into  law,  at  any  rate  in  some  modified  form.  It  thus 
becomes  desirable  for  the  Members  of  this  Institution  to  see  that  in 
any  such  modified  measure  their  interests  as  Mechanical  Engineers 
shall  not  be  involved  against  their  own  wish  with  those  of  a  difterent 
profession,  however  closely  akin  under  certain  circumstances. 

To  the  Library  of  the  Institution  the  donations  made  during 
the  i^ast  year  are  enumerated  in  pages  14-20 ;  and  for  these  the 
Council  gladly  record  their  thanks  to  the  several  Donors.  They 
again  take  this  annual  opportunity  of  inviting  contributions  of 
original  pamphlets  and  records  of  experimental  research,  and  of 
other  works  valuable  for  reference  by  the  Members.  The  Council 
have  had  the  gratification  of  receiving  an  admirable  portrait  of  the 
late  Sir  Josejih  "Whitworth,  Bart.,  Past-President,  which  has  been 
presented  to  the  Institution  by  Lady  Whitworth  and  her  co-executors. 

The  General  Meetings  in  1888  were  the  Annual  General  Meeting 
and  the  Spring  Meeting,  which  were  held  in  London ;  the  Summer 
Meeting  in  Dublin ;  and  the  Autumn  Meeting  occupying  two 
evenings  in  London.  The  Papers  read  and  discussed  at  the  eight 
sittings  devoted  to  the  purpose,  and  published  in  the  Proceedings, 
were  as  follows : — 

On  IrrigatiDg  Macliiuery  on  the  Pacific  Coast;  by  Blr.  John  Richards. 

On  the  Position  and  Prospects  of  Electricity  as  applied  to  Engineering;  by 

Mr.  William  Geipel. 
Thu'd  Report  of  the  Research  Committee  on  Friction :   Experiments  on  the 

Friction  of  a  Collar  Bearing. 
Description  of  Emery's  Testing  Machine  ;  by  3Ir.  Henry  R.  Towue. 
Address  by  the  President. 
Description   of    a    Balanced  or  Automatic   Sluice   for   "Weirs  ;    by   the   Right 

Honourable  the  Earl  of  Rosse,  F.R.S. 
On  the  latest  improvements  in  the  Clock-Driving  Apparatus  of  Astronomical 

Telescopes  ;  by  Sir  Howard  Grubb,  F.R.S. 
Description   of    Tramways    and    Rolling    Stock    at  .Guinness's    Brewery ;    by 

jNIr.  Samuel  Geoghegan. 
Description  of  the  Frictional  Gearing  used  on  a  double  Steam  Dredger  in  the 

Port  of  Dublin  ;  by  Mr.  John  Purser  Griffith. 
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Description  of  the  Compound  Steam  Turbiuc  and  Turbo-I^Iectric  Generator;  by 

the  Honourable  Charles  A.  Parsons. 
Description  of    the    Ratlimiues    and    Eathgar    Township   Water  "Works ;    by 

Sir.  Arthur  W.  X.  Tyrrell. 

The  attcudances  during  1888  ■were  as  follows  :— at  the  Annual 
General  Meeting  92  Members  and  56  Visitors;  at  the  Spring 
Meeting  79  Members  and  49  Visitors ;  at  the  Summer  Meeting  179 
Members  and  88  Visitors;  and  at  the  Autumn  Meeting  92  Members 
and  51  Visitors. 

After  an  interval  of  twenty-three  years  the  Summer  Meeting  of 
the  Institution  was  again  held  last  year  in  Dublin,  where  the 
Members  experienced  a  welcome  renewal  of  the  hospitable  reception 
accorded  to  them  in  their  former  visit.  The  morning  meetings  for 
the  reading  and  discussion  of  papers  took  place  as  before  in 
Trinity  College,  on  the  invitation  of  the  Provost  and  Senior 
Fellows,  who  were  ably  represented  by  the  Eev.  Dr.  Haughton. 
After  an  Address  by  the  President,  dealing  with  the  industrial 
welfare  of  Ireland,  the  Earl  of  Eosse  described  the  simple 
construction  of  balanced  or  automatic  sluice  for  weirs,  which 
he  has  designed  and  erected  at  Parsonstown.  Subsequent  papers 
dealt  Avith  matters  of  mechanical  interest  connected  with  some 
of  the  numerous  engineering  and  manufticturing  establishments 
which  the  Members  were  invited  to  visit.  To  the  larger  and 
more  distant  works  special  excursions  were  arranged  for  the 
three  days  spent  in  Dublin ;  and  a  fourth  day  was  occupied 
in  inspecting  the  shipbuilding  and  engineering  works  and  other 
important  establishments  in  Belfast,  after  a  visit  to  the  spinning 
works  and  electric  railway  at  Bessbrook  on  the  way  from  Dublin. 
Alike  in  Dublin  and  in  Belfast  the  Members  were  afforded  the 
most  agreeable  opportunity  of  meeting  their  friends  at  the 
Conversazioni  to  which  they  were  invited  by  the  resjiective  Local 
Committees,  to  whom  they  are  indebted  for  the  many  facilities  and 
hospitalities  arranged  for  their  gratification. 

In  connection  with  a  Meeting  so  greatly  enjoyed  by  all  who 
attended  it,  the  Council  have  already  had  the  pleasure  of  announcing 
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to  the  Members  (Proceedings  1888  page  443)  tliat  tlicy  have 
nominated  as  Honorary  Life  Members  of  the  Institution  the  Eight 
Honourable  the  Earl  of  Eosse,  Chancellor  of  the  University  of 
Dublin  and  Chairman  of  the  Local  Committee,  and  the  Rev.  Dr. 
Haughton,  Senior  Fellow  of  Trinity  College,  Dublin,  and  Vice- 
Chairmau  of  the  Local  Committee ;  while  on  the  other  hand 
(page  270)  the  honorary  degree  of  "  Master  in  Engineering  "  has 
■been  conferred  by  the  University  of  Dublin  upon  two  Past-Presidents 
of  this  Institution,  Sir  Lowthiau  Bell,  Bart.,  and  Mr.  Eamsbottom. 

As  already  announced  in  the  President's  Address  at  Dublin,  the 
Council  purpose  holding  the  Summer  Meeting  of  the  Institution  this 
year  in  Paris  during  the  time  of  the  International  Exhibition  ;  and 
at  their  request  Mr.  Henry  Chapman,  who  so  kindly  acted  as  the 
Honorary  Local  Secretary  for  the  two  previous  Paris  Meetings  of 
the  Institution,  has  again  obligingly  promised  his  valuable  aid  in 
the  same  capacity  for  the  forthcoming  Meeting  there. 

In  accordance  with  the  Pules  of  the  Institution,  the  President, 
two  Vice-Presidents,  and  five  Members  of  Council,  retire  from  office 
this  day.  The  result  of  the  ballot  for  the  election  of  the  Council 
sfor  the  present  year  will  be  announced  to  the  Meeting. 
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Dr.  ACCOUNT  OF  EXPENDITURE  AND  RECEIPTS 

Expenditure.  £      «.  d. 
£      s.    d. 
To  Printing  and  Engraving  Proceedings  of  1888  .      .      .  SU3  17    3 

„  Ki'iirinting  former  Proceedings -IG  15     0 

940  12    3 

iess  Authors' Copies  of  Papers,  repaid 30    2     0  010  10  :► 

.,  Library  Catalogue,  revision  and  reprinting 181  17  2 

„  Stationery,  Binding,  and  General  Printing 201     7  11 

„  Eent 550    0  0 

„  Salaries  and  Wages 1,655    8  G 

„  Coal,  Firewood,  and  Gas 29  10  3 

,,  Fittings  and  Kepairs 32  13  1 

„  Postages 32G  10  7 

„  Insurance 5    2  3 

„  Law  Charges 27  12  0 

„  Petty  Expenses 44  18  7 

„  Meeting  Expenses — 

Frinting 207     7     9 

Ueporting G2  13     G 

Diagrams,  Screen,  &c 109    4  11 

Travelling  and  Incidental  Expenses    ....       155  IS     3  535     4  5 

„  Dinner  Guests 114  17  5 

„  Eesearch 490  11  3 

„  Books  purchased 10     1  7 

5,119    5  3 

Accounts  owing,  not  yet  rendered,  say COO     0     0 

Less  Keserve  in  i^revious  year  for  accounts  since  paid        500     0     0  100    0  0' 

Balance,  being  excess  of  Pteceipts  over  Expenditure,  carried  down    .  901  17  0 

£6,121     2  3 


To  Investment — 

£1,000  Aire  and  adder  Navigation  3h%  Debenture  Stoch  .1,020     S     6 

Cash  Balauce  at  this  date .     1,824  18  0 

Xess  Eeservc  to  pay  accounts  not  yet  rendered,  as  above    100    0  0     1,724  IS    0 

£2,745     6    6. 
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FOR  THE  YEAR  ENDING   31st  DECEMBER  1888.  Cr. 

Eeceipts.  £      s.    d. 

By  Entrance  Fees —  £  s.  d. 

116  New  Memhers  at  £2 23'i  0  0 

6  Neio  Associates  at  £2  .     .    ■ 12  0  0 

14  New  Graduates  at  £1 14  0  0 

5  Graduates  transferred  to  Memhers  at  £1      .  5  0  0     263    0     0 

„  Subscriptions  for  1888 — 

1422  Memhers  at  £3 4,2GG  0  0 

41  Associates  at  £3 123  0  0 

120  Graduates  at  £2 240  0  0 

5  Graduates  transferred  to  Members  at  £1       .  5  0  0  4,634     0    0 

„  Subscriptions  in  arrear — 

66  3Iemhers  at  £3 108  0  0 

1  Associate  at  £o 3  0  0 

4:  Graduates  at  £2 8  0  0     209     0    0 


„  Subscriptions  in  advance — 

31  Memhers  at  £3 93    0     0 

2  Associates  at  £o GOO 

4  Graduates  at  £2 8    0    0      107    0     0 

„  Interest — 

From  Investments 555  0  5 

From  Whitworth  Bequest 227  1  3 

From  Bank 32  2  7     814     4    3 

„  Eeports  of  Proceedings — 

Extra  Copies  sold 93  18    0 

£6,121     2    3 


By  Balance  brouglit  down 901  17     0 

Cash  Balance  31st  December  18S7 1,843    9    6 

£2,745    6    G 
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BALANCE  SHEET 

£      8.  d. 


To  Sundry  Creditors — 

Accoitnis  oioing,  not  yet  rendered,  say 


COO     0     0 


Capital  of  tlie  Institution  at  this  date 20,409  18    0 


£27,009  IS     0 


Signed  hy  tlie  following  memhers  of  the  Finance  Committee: — 
EDWAED  H.  CAEBUTT. 


JOSEPH  T03ILIXS0X. 
WILLIAM  ANDEESOX. 


SIE  JAMES  X.  DOUGLASS. 
ALEXAXDEE  B.  W.  KEXNEDY. 
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AS  AT  31sT  DECEMBEK  1888.  Cr. 

£      s.    cL 
£      s.    d. 
By  Cash — In  Union  Bcvik,  on  Deposit      ....    1,000     0     0 

„        „         „      on  Current  account    .     .       32i  IS     0 
In  Imperial  Bank       ...     491     4     2 
In  hand 8  15  10      500     0     0      1,824  IS     0 

„  iQvestments— (cosi  £1G,490  2s.  2d.) 

£ 
3,178  London  &  North  Western  By.  4%  Dehenture  Stoch 


»5  « 


2,200  North  Eastern 

2,466  Midland  „      „  „  ., 

1,800  Great  Western  „      „  „  „ 

1,270  Greed  Eastern  »      »  ;,  ,» 

891  Metropolitan  „       „  „  „ 

2,o2o  „  „     ^t/o  „  5, 

1,000  Aire  &  Caldcr  Navigation         „  „  ,, 

700  Sir  J.  Whitworth  and  Co.,  Ld.  5J'^  „  „ 
Tico  hundred  £10  shares  Sir  J.  fVliitworth  and  Co.,  Ld. 

The  Marhet  Value  of  these  investments 

at  31st  Dec.  ISSS  icas  about 21,900    0     0 

„  Subscriptions  in  Arrear  £510,  prohablc  value 210  0  0 

„  Office  Furniture  and  Fittings 245  0  0 

„  Library  and  Proceedings 2,670  0  0 

„  Drawings,  Engravings,  Models,  Specimens,  and  Sculpture     .  IGO  0  O' 


£27,009  18    0' 


Audited  and  Certified  h>j 


EGBERT  A.  McLEAN,  Chartered  Accountant, 

1  Queen  Victoria  Street,  London,  E.C. 
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LIST  OF  DONATIONS  TO  LIBRAIIY. 


rrcsidcntial  Address  to  the  Euginceriug  Association  of  New  South  Wales,  by 
W.  D.  Cniicksliauk  ;  from  tlie  author. 

Catalogue  de  Machines  Agi'icolcs  ;  from  M.  Auguste  Alljaret. 

llouleaux  a  Vapour  ;  from  M.  Auguste  Albaret. 

Standards  of  Length  and  their  Practical  Application,  liy  the  Pratt  and  Whitney 
Co. ;  from  Dr.  Coleman  Sellers. 

Adcock's  Engineer's  Pocket-Book  for  1888 ;  from  the  proprietor. 

Official  Handbook  of  the  Cape  of  Good  Hope,  18SG ;  from  ]Mr.  Theodore  Eeunert. 

Internal  Ballistics,  by  J.  A.  Longridgc ;  from  the  autlior. 

Calendar  of  King's  College,  London,  1887-8  ;  from  the  College. 

Reprint  of  Preface  to  the  Proceedings  of  the  Society  of  Civil  Engineers 
(Smeatonian)  ;  from  Mr.  George  B.  Piennie. 

Table  of  the  Solid  IMeasurement  of  Timber,  by  Theodore  Eeunert ;  from  the 
author. 

Classified  Lists  and  Distribution  Returns  of  Establishment,  Indian  Public  Works 
Department,  to  30  June  1888  ;  from  the  Registrar. 

The  Hypydor,  a  vessel  for  Descending  and  Travelling  under  Water,  and 
Ascending  and  Navigating  at  the  Surface,  by  R.  Watkins  ;  from  the  author. 

Essai  d'une  Exposition  rationnelle  de  la  Tlie'orie  mecanique  de  la  Chaleur,  by 
Daniel  Murgue  ;  from  the  author. 

Tin  Mining  in  Larut,  by  Patrick  Doyle ;  from  the  author. 

Public  Works  Department  Serials,  from  the  India  Office : — No.  9,  Report 
connected  with  the  project  for  tbe  construction  of  Docks  at  Calcutta, 
Part  II;  No.  10,  Report  on  Bridges  of  Boats  used  in  the  Punjab;  No.  11, 
Report  connected  with  the  Zhara  Karez  Irrigation  Scheme,  Beluchistan ; 
No.  12,  Papers  connected  with  the  Betwa  Canal  Project  in  the  North- 
western Provinces ;  No.  13,  Relative  Merits  of  Broad  and.  Metre  Gauge 
Lines  of  Railway ;  No.  li,  Papers  relating  to  the  Prince's  Dock  Extension, 
Bombay ;  No.  15,  Failure  of  the  Kali  Nadi  Aqueduct,  Lower  Ganges  Canal  ; 
No.  IG,  Papers  relating  to  the  Oyster  Reef  Lighthouse. 

Presidential  Address  to  the  Society  of  Engineers,  by  A.  T.  Walmisley ;  from  the 
author. 

Lectures  on  Water  Supply,  delivered  at  the  Scliool  of  ^Military  Engineering, 
Chatliam,  by  Alexander  R.  Binnie  ;  from  the  author. 

Warming,  Ventilating,  and  Lighting  of  Railway  Cars,  Ity  J.  D.  Barnett ;  from 
the  author. 

Spons'  Engineers'  Price-Book  ;  from  the  publishers. 

Gun  Making  in  the  United  States,  by  Captain  Rogers  Birnie,  Juu.,  with 
Discussion ;  from  the  Ordnance  Office,  Washington,  U.S. 
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Testing  of  Materials  of  Construction,  by  Professor  AV.  Cawthorne  Unwin,  F.E.S.; 

from  the  author. 
Street  Watering  with  Sea  Water,  by  Stephen  H.  Teny  ;  from  the  author. 
Mechanical  Equivalent  of  Heat,  by  C.  J.  Hanssen ;  from  the  author. 
Ecports  on  the  working  of  heavy  gradients  in  America,  by  Major  W.  Shepherd, 

E.E.,  and  E.  W.  M.  Hughes ;  from  Mr.  E.  W.  M.  Hughes. 
Contract  and   Specification  for  Pumping  Engine  No.  3,  and  three  Fire-Box 

Tubular  Boilers,  Louisville  Water  Co.,  Kentucky;  from  Mr.  E.  D.  Leaviti, 

Jun. 
Rules  and  Eegulations  recommended  for  the  Prevention  of  Fire  Eisks  fi-om 

Electric  Lighting;  from  the  Societyof  Telegraph-Engineers  and  Electricians. 

Ericsson's  Destroyer  and  Submarine  Gun,      .  \ 

Heavy  Ordnance  for  National  Defence,     . 

Slodem  Armour  for  National  Defence,       .      .      ,      -r  •     i.        ^   tt    tt     t 

bv  Lieutenant    \\ .   H.   Jaques, 
Steel  Gun  Factories  in  the  United  States,     .    )      ,  ,    t-  c  a-     c        ^i         ^i 

(      late  L  .S.^ . ;  trom  the  author. 
Torpedoes  for  National  Defence,     .... 

Torpedoes,    Torpedo    Vessels,   and    Torpedo 

AVarfare,  . 

Forced  Draught,  by  J.  E.  Fothergill ;  from  the  author. 

A  National  Canal  between  the  Four  Elvers  a  National  Necessity,  by  Samuel 

Lloyd ;  from  the  author. 
Use  of  Belting  for  the  Transmission  of  Power,  by  John  H.  Cooper ;  from  the 

author. 
Board  of  Trade  Eepoii;  (No.  254)  on  the  Explosion  of  a  Boiler  at  Brockmoor 

Stafibrdshire ;  from  5L*.  Druitt  Halpin. 
List  of  Chinese  Lighthouses.  Light  Vessels,  Buoys,  and  Beacons,  1S88;  from  the 

Inspector-General  of  Chinese  Customs. 
Ports  maritimes  de  la  France ;  from  the  French  3Iiuistiy  of  Public  Works. 
Tabulated  Abstract  of  Acts  of  Parliament  relating  to  Water  Undertakings,  1S79 

to  1887,  by  E.  K.  Bm-stal ;  from  the  author. 
Eeport  of  Tests  of  Metals  &c.  made  at  Watertown  Arsenal,  Massachusetts,  1SS5  ; 

from  the  Ordnance  Office,  Washington,  U.S. 
Memorandum  on  Cause  of  Enpture  of  Jacket  of  G-inch  Breech- Loading  Wire 

Gun,  by  James  A.  Longridge ;  from  the  author. 
Journey  round  the  World,  by  David  Greig  ;  from  the  author. 
British  Iron  Trade  Eeport,  1887  ;  from  Mr.  J.  S.  Jeans. 
Gal  way  as  a  Packet  Station,  by  W.  G.  Strype  ;  from  the  author. 
Naval  Annual,  1887  ;  from  the  Eight  Honourable  Lord  Brassey,  K.C.B. 
^larine  Engine  working  at  reduced  speeds,  by  Paul  du  Buit  and  P.  Sabathier ; 

from  I\Ii'.  Henry  Chapman. 
Description  of  Foster  and  Campbell's  Evaporating  Apparatus  for  sugar  cane 

juice  and  other  liquids ;  from  Mr.  James  Foster. 


16  ANNUAL   RErOET.  Jax.  1889» 

Catalogue  of  Astronomical  Instruments  and  Observatories;  from  Sir  Howard 

Grubb,  F.E.S. 
Notes  on  the  Construction  of  Ordnance  ;  and  Annual  Reports  of  the  U.S.  Chief  of 

Ordnance,  1SS7  and  1SS8 ;  from  the  Ordnance  Office,  "Washington,  U.S. 
Steam  and  Gas  Curves,  by  Professor  Eobert  H.  Smith;  from  tlie  autlior. 
Antwerp  Exhibition  1885,  Reports  vols.  I,  IV,  and  VI ;  from  Mr.  AVilliam  Anderson. 
Manganese  Steel,  by  Robert  A.  Hadfield  ;  from  the  author. 
Practicable  Decimal  System  for  Great  Britain  and  her  Colonies,  by  R.  T.  Ruhde  ; 

from  the  author. 
Investigations  into  the  Internal  Stresses  in  Cast  Iron  and  Steel,  by  General  X. 

Kalakoutsky  ;  from  Mr.  William  Anderson. 
Report  of  the  Archaeological  Sm-vey  of  Bengal,  1887,  by  J.  D.  Melik-Beglaroff ; 

from  Mr.  E.  H.  Carbutt. 
Notes  on  the  Water  Meter   System  of  Providence,   Rhode  Island,   from  1S72 

to  1887,  by  Edmund  B.  Weston;  from  the  author. 
Civil  Engineer's  Pocket  Book  for  1888,  by  Jolui  C.  Trautwine ;  from  Mr.  John 

C.  Trautwine,  Jun. 
Catalogue  of  Dredging  Appliances ;  from  Messrs.  William  Simojis  and  Co. 
Advice  to  Mechanical  Engineering  Students,  by  Professor  John  Perry,  F.R.S. ; 

from  the  author. 
Architects'  Register,  1888  ;  from  the  editor. 
Copper  Steam  Pipes  for  Modern  High-Pressure  Engines,  by  William  Parker; 

from  the  author. 
Calendars  for  1888-89,  from  the  following  Colleges  : — City  of  London  College  ; 
Firth   College    and    Sheffield  Technical   School;    Glasgow   and  West   of 
Scotland  Technical  College ;  University  College,  Bristol ;  University  College, 
Dundee ;  Yorkshire  College,  Leeds. 
Ten  Lectures  delivered  in  the   Sassoou  Mechanics'  Institute,  Bombay ;   from 

the  Institute. 
Hydraulic  Problems  on  the  Cross-sections  of  Pipes  and  Channels,  by  Professor 

Henry  Hennessy,  F.R.S. ;  from  the  author. 
Brakes  for  Retarding  the  Motion  of  Carriages  in  Descending  Inclines,  by  William 

Philipson;  from  the  author. 
Catalogue  of  Pumping  Engines,  Steam  Pumps,  and  Hydraulic  Machinery  ;  from 

the  Worthington  Pumping  Engine  Co. 
Displacements  and  Area  Curves  of  Fish,  by  H.  de  B.  Parsons ;  from  the  author. 
Calendar  1888-9,  and  Librai-y  Catalogue  of  the  Royal  Technical  High  School, 

Berlin ;  from  the  Rector. 
Gaseous  Fuel,  by  J.  Emerson  Dowson  ;  from  the  author. 
Central-Station  Electric  Lighting,  by  Killingworth  Hedges ;  from  the  author. 
Presidential  Address  to  the  Xorth-East  Coast  Institution   of  Engineers  and 
Shipbuilders,  by  F.  C.  Marshall ;  from  the  author. 
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Si)ecificatioii  for  a  Lancashire  Boiler,  with  plan  of  setting  anil  mode  of  staying, 

by  William  H.  Fowler ;  from  the  author. 
Ke'gulatenrs  de  Vitesse,  by  Georges  Jlarie ;  from  the  author. 
Ke'gulaterzrs   dans  Ics   Distributions  d'Electricite,  by  Georges  Marie;  from  the 

author. 
Description  of  the  Barry  Dock   and  Eaihvays,  by  John  Eobiusou ;    from  the 

author. 
Life  of  Sir  AVilliam  Siemens,  F.R.S.,  D.C.L.,  LL.D.,  by  William  Bole,  F.R.S.; 

from  Mr.  Alexander  Siemens. 
Sujjplement  to  the   Twentieth  Annual  Eeport  of  tlic  Department  of  Marine, 

Canada,  1SS7  ;  from  the  Canadian  Government. 
3Iotores  de  Viento,  by  Fernando  Aramburu ;  from  the  author. 
Eeport  on  Weights  and  Measures,  ISSS ;  from  tlie  Board  of  Trade. 
Railways  for  Even  Country,  their  Construction  and  Cost,  by  George  Phillips  ; 

from  the  author. 
Annual  Report  of  the  Yorkshire  College,  Leeds,  1887-88  ;  from  the  College. 
Board  of  Trade  Reports  on  Boiler  Explosions ;  from  the  Board  of  Trade. 
Board  of  Trade  Reports  on  Boiler  Explosions,  1879-82,  issued  before  the  passing 
of  the  Boiler  Exjilosions  Act  1882 ;   from   the   Manchester   Steam   I'sers' 
Association. 
Lecture  on  the  Engineer  of  the  Future,  by  Professor  Archibald  Barr ;  from  the 

author. 
Presidential   Address    to    the    Junior    Engineering   Society,   liy   Professor  W. 

Cawthorne  Uuwin,  F.E.S. ;  from  the  author. 
Presidential  Address  on  the  Use  of  Theory,  by  Professor  W.  CaNvthorne  Unwin, 

F.R.S. ;  from  the  Junior  Engineering  Society. 
Engineer's  Annual  Ee^Dort  as  to  the  Progress  of  the  Vyrnwy  Water  Works,  by 

George  F.  Deacon ;  from  tlie  author. 
Presidential   Address  to  the    Bradford    Philosoi)hical    Society,   by   Alexander 

R.  Binnie ;  from  the  author. 
Presidential   Address  to   the    Civil    and    Mechanical    Engineers'   Society,   1)y 

Reginald  E.  Middleton ;  from  the  author. 
Report  of  Coiincil  of  L^uiversity  College,  Bristol,  ISSS ;  from  the  College. 
Pocket  Book  of  Engineering,  by  Eai  Bahadar  Ganga  Eam ;  from  the  author. 
Two-nosed  Catenaries  and  their  application  to  the  design  of  Segmental  Arches, 

by  Professor  T.  Alexander  and  A.  W.  Thomson  ;  from  the  authors. 
Cause  of  Light,  by  the  Rev.  G.  T.  Carruthors ;  from  the  author. 
Planets  upon  Cardioides,  by  the  Eev.  G.  T.  Carruthers ;  from  the  author. 
Engraving  of  Compound  Express  Locomotive  Engine  "  ^Marchioness  of  Stafford," 

London  and  North  Western  Eailway ;  from  the  editor  of  "  The  Engineer."' 
Gas  Engineei'd  Pocket  Almanack,  1889  ;  from  Messrs.  Sugg. 
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The  followl nrj  I'ubiicat ions  from  the  respective  Societies  und  Authorities  : — 

Eejiorts  of  the  Academy  of  Science,  France. 

Reports  of  the  Eoyal  Academy  of  Science,  Belgium. 

Reports  of  the  Royal  Institute  of  Engineers,  Holland. 

Engravings  from  tiie  Ecole  des  Tontis  et  Chaussees,  Paris. 

Annaks  des  Tonts  et  Cliaussees,  Paris. 

Proceedings  of  the  French  Institution  of  Civil  Engineers. 

Journal  of  the  Frencii  Society  for  the  Encouragement  of  National  Industry. 

Reports  of  the  French  Association  for  the  Advancement  of  Science,  18S5  and 

18S0;  from  the  Association. 
Journal  of  the  Marseilles  Scientific  and  Industrial  Society. 
Annales  de  I'Ecole  Polytechuique  de  Delft. 

Proceedings  of  the  Engineers'  and  Architects'  Society  of  Canton  Yaud. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Austria. 
Proceedings  of  the  Architects'  and  Engineers'  Society  of  Hannover. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Prague. 
Proceedings  of  the  Italian  Engineers'  and  Architects'  Society. 
Proceedings  of  the  Engineers'  and  Architects'  Society  of  Milan. 
Proceedings  of  the  Industrial  Society  of  St.  Quentin  et  de  I'Aisne. 
Proceedings  of  the  Industrial  Society  of  Mnlhoiise. 
Proceedings  of  the  Industrial  Society  of  the  North  of  France. 
Proceedings  of  the  German  Society  of  Engineers. 
Proceedings  of  the  Russian  Imperial  Institute  of  Engineers. 
Proceedings  of  the  Swedish  Society  of  Engineers. 
Journal  of  the  Norwegian  Technical  Society-. 
Joiirnal  of  the  Franklin  Institute. 

Transactions  of  the  American  Society  of  Civil  Engineers. 
Transactions  of  the  American  Society  of  Mechanical  Engineers, 
Transactions  of  the  American  Institute  of  Mining  Engineers. 
School  of  Mines  Quarterly,  Columbia  College,  New  York. 
Report  of  the  Smithsonian  Institution. 
Report  of  the  Master  Car-Builders'  Association,  New  York. 
Proceedings  of  the  United  States  Naval  Institute. 
United  States  Patent  Office  Gazette. 
Transactions  of  the  Canadian  Society  of  Civil  Engineers. 
Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal. 

Proceedings  of  the  Engineering  Association  of  New  South  Wales.  ; 

Proceedings  of  the  Institution  of  Civil  Engineers. 
Journal  of  the  Iron  and  Steel  Institute. 
Transactions  of  the  Society  of  Engineers. 

Journal  of  the  Society  of  Telegraph-Engineers  and  Electricians. 
Transactions  of  the  Institution  of  Civil  Engineers  of  Ireland. 
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Transactions   of  tlie  North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
Proceedings  of  the  South  "Wales  Institute  of  Engineers. 
Transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland. 
Trausaclions  of  the  Chesterfield  and  Midland  Counties  Institution  of  Engineers. 
Transactions  of  the  Liverpool  Engineering  Society. 

Transactions  of  the  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers. 
Proceedings  of  the  Cleveland  Institution  of  Engineers. 
Transactions  of  the  Mining  Institute  of  Scotland. 

Transactions  of  the  North-East  Coast  Institution  of  Engineers  and  Shipbuilders. 
Transactions  of    the   Hull  and   District  Institution  of  Engineers  and  Naval 

Architects. 
Proceedings  of  the  Royal  Society  of  London. 
Proceedings  of  the  Royal  Society  of  Edinburgh,  1S83-S4,  1881-85, 1885-86,  and 

188G-87. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Transactions  of  the  Surveyors'  Institution. 
Transactions  of  the  Sanitary  Institute  of  Great  Britaiu. 
Journal  of  the  Royal  United  Service  Institution. 
Professional  Papers  of  the  Royal  Engineers'  Institute. 
Proceedings  of  the  Royal  Artillery  Institution. 
Journal  of  the  Royal  Agricultural  Society  of  England. 
Journal  of  the  Royal  Statistical  Society. 

Report  of  the  British  Association  for  the  Advancement  of  Science. 
Report  of  the  Royal  Cornwall  Polytechnic  Society. 
Transactions  of  the  Institution  of  Naval  Architects. 
Transactions  and  Journal  of  the  Royal  Institute  of  British  Architects. 
Transactions  of  the  Gas  Institute. 
Proceedings  of  the  Physical  Society  of  London. 

Proceedings  of  the  Literary  and  Philosophical  Society  of  Slanchester. 
Transactions  of  the  Manchester  Geological  Society. 
Journal  of  the  Royal  Scottish  Society  of  Arts. 
Proceedings  of  the  Philosophical  Society  of  Glasgow. 
Transactions  and  Proceedings  of  the  Royal  Irish  Academy. 
Transactions  and  Proceedings  of  the  Royal  Dublin  Society. 
Journal  of  the  Liverpool  Polytechnic  Societj'.  , 
Journal  of  the  Society  of  Arts. 
Journal  of  the  Society  of  Chemical  Industry. 
Reports  of  the  Manchester  Steam  Users'   Association ;   from  Mr.   Lavington 

E.  Fletcher. 
Midland  Steam  Boiler  Inspection  and  Assurance  Company,  Records  of  Boiler 

Explosions  in  IS87 ;  from  Mr.  Edward  B.  Marten. 
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Eeport  of  the  National  Boiler  Insurance  Company ;  from  Jlr.  Henry  Hiller. 
Keport  of  the  Engine,  Boiler,  and  Employers'  Liability  Insurance  Company  ; 

from  Mr.  INIichael  Longridge. 
Tenth  Annual  Itepnrt  of  the  National  Association  of  Britisli  and  Irish  Millers; 

from  the  Association. 
Eeport  of  the  London  Association  of  Foremen  Engineers  and  Draughtsmen. 
Seventh  Report  of  the  Newcastle-upon-Tyne  Public  Libraries  Committee. 
Tliirty-fifth  Annual  Eeport  of  the  Liverpool  Free  Public  Library. 
Catalogue  of  Additions  to  the  Iladclifte  Library,  0.\ford. 


Tlic  following  reriodicah  f, 

Eevue  ge'ncrale  des  Chomins  de  fer. 

Kevue  universelle  des  jMines. 

Eevue  industrielle. 

Portefeuille  c'conomique  des  Machines. 

Stahl  und  Eisen. 

Der  Civil-Ingeuieur. 

Glaser's  Anualen. 

Giornale  del  Genio  Civile. 

Ingeniero  y  Ferretcro  Espauol  y  Sud 

Americano. 
The  American  Engineer. 
The  American  Manufacturer. 
The  Engineering  and  Mining  Journal. 
The    National    Car    and    Locomotive 

Builder. 
The  Eailroad  and  Engineering  Journal. 
The  Eailway  Master  Mechanic. 
The  Indian  Engineer. 
Indian  Engineering. 
The  Engineer. 
Engineering. 
The  Eailway  Engineer. 
The  Marine  Engineer. 
Iron. 

The  Iron  and  Coal  Trades  Review. 
Eyland's  Iron  Trade  Circular. 
The  Ironmonger. 
The  Mechanical  World. 


cm  the  respective  Editors  : — 

The  Mining  Journal. 

The  Colliery  Guardian. 

The  Machinery  Market. 

The  Builder. 

The  Builders'  Weekly  Eeporter. 

The  Electrical  Eeview. 

The  Electrical  Engineer. 

The  Chamber  of  Commerce  Journal 

(from  Mr.  Henry  Chapman). 
The  Contract  Journal. 
The  Gas  and  Water  Eeview. 
The  Gas  World. 
The  Plumber  and  Decorator. 
The  Shipping  World. 
The  Fireman. 
Industries. 
Invention. 

The  Universal  Engineer. 
The  Railway  Eecord. 
The  Railway  Press. 
The  British  Trade  Journal. 
The  Practical  Engineer. 
Electrical  Plant. 
Scientific  News. 
IMechanical  Progress. 
Martineau     and     Smith's     Hardware 

Trade  Journal. 
Pliillijis'  Montlily  Machinery  Register. 
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The  President,  in  moving  the  adoption  of  the  Annual  Eeport  of 
the  Council,  said  they  believed,  and  he  thought  the  Members  would 
agree  with  them,  that  the  Institution  was  in  a  flourishing  position. 
The  present  number  of  Members  was  over  1800,  showing  a  net  gain  of 
65  notwithstanding  resignations  and  deceases.  Among  the  latter  were 
the  names  of  several  Membex's  who  had  taken  a  leading  rank  among 
engineers.  He  need  scarcely  refer  at  any  length  to  Mr.  Thomas 
Eussell  Cramjjton,  a  former  Vice-President,  who  had  always  taken  a 
prominent  part  in  engineering,  and  had  been  a  member  of  many 
other  societies  also ;  he  had  done  good  work,  which  would  no  doubt 
live  after  him,  and  many  of  those  who  had  been  his  pupils  would  reap 
the  benefit  of  what  they  had  learnt  from  him.  Another  name  to 
which  he  should  like  to  refer  was  that  of  Mr.  Charles  Markham,  of 
Chesterfield,  with  M'hom  he  had  himself  worked  formerly  for  many 
years  on  the  Midland  Eailway,  and  whom  therefore  he  particularly 
regretted.  Another  old  Member  to  whom  he  might  refer  was 
Mr.  Charles  W.  Wardle,  of  Leeds,  who  had  been  one  of  the  pioneers 
in  locomotive  engine  building,  having  served  his  time  with  a  very  old 
firm  who  had  had  a  great  many  pupils,  Messrs.  E.  B.  Wilson  and  Co., 
of  Leeds ;  a  large  number  of  engineers  therefore  would  remember 
him  and  feel  sorry  that  he  had  been  taken  from  them.  Without 
going  through  the  rest  of  the  names,  he  was  sure  that  all  regretted 
losing  so  many  of  their  fellow-members  during  the  past  year. 

With  regard  to  the  accounts,  he  was  glad  to  find  that  the 
expenditure  had  been  increasing.  It  was  no  use  going  on  collecting 
money  if  nothing  was  to  be  done  with  it.  The  Council  had  been 
spending  money  pretty  freely  in  connection  with  the  laboiirs  of  the 
Research  Committees,  and  he  believed  that  those  Committees  were 
doing  very  good  work.  The  Council  and  the  Members  who  were  on 
the  Research  Committees  had  been  working  very  hard,  and  they  had 
the  satisfaction  of  knowing  that  they  were  doing  something  for  the 
benefit  of  engineering,  and  for  the  benefit  of  the  Institution.  The 
capital  of  the  Institution  now  amounted  to  ujDwardsof  £26,000;  and  in 
the  present  balance  sheet  for  the  first  time,  mainly  he  believed  at  the 
suggestion  of  Mr.  Price-Williams,  the  Council  had  included  in  the 
capital  the  present  market  value  of  the  different  stocks,  instead  cf 
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only  the  value  at  which  they  had  been  purchased ;  it  would  be  seen 
that  there  was  thus  an  increase  of  Jl5,400  in  the  capital,  owing  to 
the  rise  in  price  which  had  taken  place  in  the  several  investments. 
Some  of  this  increase  he  thought  miglit  also  be  sclent  in  research  ; 
and  he  hoped  the  Members  would  back  up  the  Council  in  spending 
as  much  money  as  possible  in  that  way. 

In  regard  to  the  Architects'  Registration  Bill,  although  it  had 
been  withdrawn,  he  was  certain  they  had  not  seen  the  last  of  it ;  and 
whenever  it  was  again  introduced  he  was  sure  the  Council  would 
again  trouble  the  Members  to  write  to  their  respective  representatives 
in  Parliament  requesting  them  to  oppose  the  bill,  unless  it  was 
brought  forward  in  a  much  better  shape  than  that  in  which  it  had 
previously  been  presented. 

Her  Majesty  had  been  graciously  pleased  to  confer  honours  upon 
two  of  the  Members  of  the  Institution.  She  had  made  Sir  Frederick 
Bramwell  a  baronet ;  and  as  he  was  one  of  the  Past-Presidents  of  the 
Institution,  they  felt  that  this  honour  conferred  upon  him  was  an 
honour  conferred  uj)on  the  Institution.  She  had  also  conferred  the 
honour  of  knighthood  ujjon  Mr.  John  Turney,  the  very  energetic 
mayor  of  Nottingham,  who  had  taken  an  active  part  in  promoting  the 
welfare  of  his  town,  and  had  been  very  liberal  in  devoting  his  means 
to  the  advancement  of  its  interests,  especially  in  connection  with  the 
Eoyal  Agricultural  Show.  They  were  all  very  glad  therefore  that 
Her  Majesty  had  been  pleased  to  make  him  a  knight. 

As  the  Members  were  aware,  he  had  himself  been  making  a  five 
months'  tour  in  America,  during  which  he  had  gone  over  several  of 
the  very  large  railways  in  the  United  States  and  Canada  and  Mexico ; 
and  he  was  more  and  more  convinced  that,  although  the  old  saying 
was  that  trade  followed  the  flag,  it  really  followed  the  engineer ; 
and  that,  wherever  English  engineers  went,  as  a  rule  the  material 
for  the  railways  was  bought  in  England.  It  was  therefore  very 
necessary  that  this  Institution  and  all  kindred  societies  should  do  all 
that  lay  in  their  power  to  encourage  young  men  to  join  them,  and 
when  they  were  abroad  to  keep  up  a  friendly  feeling  between 
themselves  and  the  institutions  in  this  country.  In  that  way  they 
would  cherish  a  feeling  of   loyalty,   not    only    to  the  institutions, 
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but  to  the  country  at  large.  This  feeling  he  had  heard  strongly 
expressed  in  Canada.  At  the  time  when  annexation  to  the  United 
States  was  being  talked  of,  he  had  met  with  many  Canadian 
engineers,  some  of  them  Members  of  this  Institution,  all  of  whom 
were  as  loyal  as  could  be  and  entertained  the  kindest  regard  for  the 
old  country.  The  Members  might  depend  npon  it  that,  if  they 
would  only  look  after  the  young  engineers  before  they  went  out,  and 
make  them  members  of  this  or  other  Institutions,  they  would  in  that 
way  be  benefiting  the  trade  of  the  country. 

He  had  great  pleasure  in  moving  the  adoption  of  the  Eeport  of 
the  Council,  and  of  the  accounts ;  and  he  should  be  glad  to  hear 
any  remarks  from  any  Member  on  the  subject. 

No  Member  rising  to  speak,  the  President  put  the  motion,  which 
was  agreed  to. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  Officers  for  the  present  year  had  been  opened  by  a  committee  of 
the  Council,  and  that  the  following  were  found  to  be  elected  : — 


PRESIDENT. 


Charles  Cochrane, 


Stourbridge. 


VICE-PRESIDENTS. 

William  Anderson,   ....  Loudon. 

Sir  James  N.  Douglass,  F.R.S.,  .  London. 

Arthur  Paget,  ....  Loughborough. 


members  of  council. 

Benjamin  A.  Dobson,          .  .          ,  Bolton. 

John  G.  Mair,  ....  London. 

Henry  D.  Marshall,          .  .          .  Gainsborough. 

Ldward  B.  Marten,            .  .          .  Stourbridge. 

Benjamin  Walker,    .          .  .  Leeds. 

J.  Hartley  Wicksteed,      .  .          .  Leeds. 

Thomas  W.  Worsdell,       .  .  Gateshead. 
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The  Council  fur  the  preseut  year  will  tliercfoie  be  as  follows: — 

PRESIDENT. 

Chaules  Cochhane.   ....      Stourbritlge. 


PAST-PUESIDENTS. 

The  iinjHT  Hon.  Loud  Amistkong,  C.B., 

D.C.L.,  LL.D.,  F.K.S., 
Siii  LowTHiAN  Bell,  Bart.,  F.E.S., 
Sill  Frederick  Bramwell,  Bart.,  D.C.L 

F.E.S.,        .... 
Edward  H.  Carbutt, 
Thomas  Hawksley,  F.R.S., 
Jeremiah  Head, 
John  Eamsbottom, 
John  Eobinson, 
Percy  G.  B.  Westmacott, 

vice-presidents. 
Daniel  Adamson,       .  .  .  . 

William  Anderson,   . 
Sir  James  N.  Douglass,  F.E.S. , 
Arthur  Paget,  .  .  .  . 

EicHARD  Peacock,  M.P.,     . 
Joseph  Tomlinson,     .  .  .  . 

MEMBERS    or    COUNCIL. 
Bj3NJAMIN    A.    DOBSON, 

Sir  Douglas  Galton,  K.C.B.,  F.E.S.,  . 

Samuel  W.  Johnson, 

Alexander  B.  W.  Kennedy,  F.E.S.. 

William  Laird,  .  .  .  . 

John  G.  Mair, 

Henry  D.  Marshall, 

Edward  B.  Marten,  .  .  .  , 

Edward  P.  Martin,   .  .  -      ,     . 

Sir  James  Eamsden,  .  .  .  . 

E.  Windsor  Eichards, 


Xe  wcastle-on-Ty  ne. 
Northallerton. 

London. 

Loudon. 

London. 

Middlesbrongli. 

Alderlcy  Edge. 

Leek, 

Newcastle-ou-Tync. 

Manchester. 

London. 

London. 

Lougbboroiigh. 

Manchester. 

London. 


Bolton. 

London. 

Derby. 

London. 

Birkenhead. 

London. 

Gainsborough. 

Stourbridge. 

Dowlais. 

Barro  w-in-Furncss . 

Low  Moor. 
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T.  Hurry  Eiches,       ....  Cardiff. 

Benjamin  Walker,     ....  Leeds. 

J.  Hartley  Wicksteed,  .  .  Leeds. 

Thomas  W.  Woksdell,      ••  Gatesliead. 


The  President  said  it  now  became  nis  pleasing  duty  to  induct 
into  the  presidential  chair  his  successor,  Mr.  Charles  Cochrane.  In 
electing  him  he  felt  sure  that  the  Members  had  been  doing  honour  to 
themselves.  Any  member  who  had  filled  the  positions  which  Mr. 
Cochrane  had  occupied  in  the  engineering  world  was  unquestionably 
a  man  worthy  to  bo  their  President.  He  might  indeed  have  been 
President  some  years  earlier,  if  his  health  and  his  modesty  had 
allowed  him  to  take  that  position.  At  last  the  Council  had  jH-evailed 
upon  him  to  acce^jt  the  nomination  for  the  presidency.  As  the 
Members  were  aware,  he  was  not  only  a  Staffordshire  man  but  a 
Middlesbrough  man.  He  was  the  head  of  the  firm  of  Messrs. 
Cochrane  and  Co.,  ironmasters,  of  Woodside  Iron  Works,  Dudley ; 
and  he  was  also  a  member  of  the  firm  of  Messrs.  Cochrane,  Grove 
and  Co.,  of  Ormesby  Iron  Works,  Middlesbrough.  He  had  devoted  a 
large  part  of  his  time  to  improving  the  hot-blast  stove  for  the  blast- 
furnace, and  had  been  very  successful  in  the  adaptation  of  regenerative 
hot-blast  stoves  to  iron-smelting.  He  had  also  devoted  a  great  deal 
of  time  to  the  improvement  of  iron-smelting  itself,  not  only  in 
Staffordshire  but  also  in  Middlesbrough  ;  and  in  that  work  likewise 
he  had  been  very  successful,  as  would  be  gathered  from  the  numerous 
valuable  j^apers  which  he  had  from  time  to  time  contributed  to  the 
Institution  Proceedings  on  this  important  subject.  But  he  had  not 
only  devoted  his  time  to  raw  products ;  he  had  also  been  largely 
concerned  in  bridge  building  and  in  improving  the  mechanical 
appliances  for  that  purpose.  His  firm  had  constructed  some  of  the 
largest  bridges  in  London,  including  Westminster  Bridge  and  the 
railway  bridges  at  Charing  Cross  and  Cannon  Street ;  also  the  large 
bridge  over  the  Mersey  at  Euncorn  for  the  London  and  North, 
Western  Eailway,  and  the  suspension  bridge  at  Clifton  over  the 
Avon,  besides  a  larji-e  number  of  bridges  for  India  and  the  Colonies. 
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Ho  had  devoted  his  energies  to  these  works  at  a  time  when  labour 
was  dear  and  tools  were  not  so  good  as  now ;  and  he  believed 
he  had  been  the  first  to  adopt  the  mtiltiplc  drill  for  drilling  all  the 
plates  of  big  bridges,  just  as  Mr.  Adamson  had  been  the  first  to 
adopt  drilling  for  boilers.  As  a  consequence  drilling  had  now  been 
adopted  by  nearly  every  other  bridge  bulkier  or  boiler  maker ;  and 
he  believed  that  during  the  last  few  years  there  had  hardly  been  a 
bridge  built  in  England  in  which  the  holes  had  not  been  drilled, 
however  the  case  might  be  abroad.  Tlic  Members  would  therefore 
agree  with  him  that  Mr.  Cochrane  had  great  claims  iipon  them,  and 
that  the  knowledge  he  possessed  would  be  very  valuable  to  the 
Institution.  He  trusted  he  would  have  as  pleasant  a  presidency 
as  he  had  himself  had,  and  that  he  would  enjoy  good  health,  and 
would  receive  the  support  of  all  the  Members  in  the  position  to 
which  they  had  now  elected  him. 

Mr.  Charles  Cochuaxe,  President  elect,  on  then  taking  the 
chair,  said  he  was  deeply  conscious  of  the  honour  which  the  Members 
had  conferred  ujion  him  by  electing  him  as  President.  In 
acknowledging  Mr.  Carbutt's  kind  remarks,  he  desired  at  the  outset 
to  mention  that  the  introduction  of  the  multiple  drill  for  bridge 
work  at  Woodside  must  be  attributed  to  his  uncle,  Mr.  John 
Cochrane,  and  not  to  himself  (Proceedings  1860,  page  201).  Upon 
the  other  points  mentioned,  he  must  plead  guilty  to  the  charge  of 
having  done  something  in  the  development  of  blast-furnaces. 

Though  debarred  by  his  doctor's  orders  from  continuing  in  the 
occuj)ancy  of  the  chair  throughout  the  present  evening,  he  was  sure 
the  Members  would  not  regard  this  as  an  indication  of  any  failure 
on  his  own  jiart  to  ajiprcciate  the  duties  which  devolved  ujion  tbe 
President  of  the  Institution ;  these  he  promised  to  discharge  to  the 
best  of  his  ability. 

Mr.  Arthur  Paget,  Vice-President,  felt  sure  he  should  be  simply 
expressing  what  all  the  Members  had  in  their  hearts,  if  he  reminded 
them  that  they  could  not  allow  Mr.  Carbutt  to  retire  from  being 
iheir  President,  after  his   admirable  conduct  of  the  business  of  the 
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Institution  for  tlie  last  two  years,  without  some  acknowledgment, 
however  inadequate.  Having  had  the  pleasure  of  Mr.  Carbutt's 
acquaintance  and  friendship  for  a  number  of  years,  he  ventured  to 
draw  attention  to  the  fact  that  Mr.  Car  butt  had  now  been  a  Member, 
and  a  very  active  and  useful  Member,  of  the  Institution  for  twenty- 
nine  years.  He  joined  in  1860,  and  was  elected  a  member  of  Council 
in  1875.  "When  one  of  the  most  important  steps  ever  taken  by  the 
Institution  was  decided  on  —  namely  the  removal  of  the  head- 
quarters from  Birmingham  to  London  in  the  year  1877 — the 
resolution  to  that  effect  was  seconded  by  Mr.  Carbutt,  and  his 
advocacy  assisted  much  in  carrying  it.  "When  two  years  ago  Mr. 
Carbutt  was  asked  without  notice  to  accept  the  nomination  for 
the  presidency,  in  consequence  of  the  unfortunate  ill  -  health  at 
that  time  of  Mr.  Cochrane  who  would  otherwise  have  been  elected 
then,  he  stepped  into  the  breach  to  fill  the  office  at  that  time  of 
difficulty ;  and  it  was  needless  to  say  how  well  he  had  filled  it,  and 
how  much  he  had  done  to  conduce  to  the  honour  and  standing  of  the 
Institution.  To  one  particular  fact  ho  wished  to  call  special 
attention.  For  many  years  the  Council  had  struggled  to  render  the 
attendance  at  the  annual  dinner  worthy  of  the  Institution,  and 
notwithstanding  all  their  endeavours  the  attendance  had  fallen  off  to 
about  55  Members,  who  dined  together  mournfully  and  miserably. 
Mr.  Carbutt  had  been  one  of  the  first  to  start  a  new  system,  and 
during  his  presidency  the  numbers  had  run  up  to  250  and  more, 
and  had  been  limited  only  by  the  accommodation  that  could  be 
obtained.  Much  of  that  was  due  to  Mr.  Carbutt's  influence.  Then 
again  he  might  remind  them  that  under  Mr.  Carbutt's  admirable 
superintendence  the  Institution  had  had  the  honour  of  entertaining 
as  guests  at  these  dinners  in  the  last  two  years  the  Duke  of 
Cambridge,  the  Marquis  of  Hartington,  Lord  Charles  Beresford, 
and  other  noblemen  and  gentlemen  of  national  distinction.  This 
showed  that  Mr.  Carbutt  had  worked  hard  for  the  Institution  in  many 
ways.  In  referring  to  the  last  year's  accounts  of  the  Institution, 
and  pointing  out  that  their  capital  now  amounted  to  upwards  of 
£26,000,  Mr.  Carbutt  had  also  very  properly  stated,  what  he  was  sure 
the  Members  would  all  feel,  that  it  was  absurd  to  go  on  saving  money 
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for  nothing.  Mr.  CarLutt  however  had  not  told  them  what  he 
liiinself  now  felt  bound  to  state,  that  Mr.  Carbutt  had  also  done  his 
best  and  had  nearly  succeeded  in  providing  what  the  Institution  now 
wanted  for  its  full  establishment  and  development  in  Loudon,  namely 
a  house  and  home  of  its  own.  If  the  Institution  did  not  yet  possess 
that  advantage,  it  was  no  fault  of  Mr.  Carbutt,  who  had  not  only 
worked  hard  for  its  realisation,  but  had  even  offered  to  expose 
himself  to  very  considerable  pecuniary  liability  in  providing  a  site, 
so  that  they  might  have  a  home  of  their  own  before  many  years 
Avere  over.  This  simjile  reminder,  he  thought,  of  what  he  had  no 
doubt  most  of  the  Members  knew,  would  enable  them  to  see  that  iu 
offering  these  few  remarks  he  felt  that  he  had  expressed  himself 
only  half  as  well  as  he  wished  to  have  done,  when  he  asked  them 
to  pass  a  hearty  vote  of  thanks  to  Mr.  Carbutt  for  tlie  admirable 
services  which  he  had  rendered  to  the  Institution  during  the  past 
two  years. 

Sir  James  N.  Douglass,  Vice-President,  had  very  great  pleasure 
in  endorsing  every  word  uttered  by  Mr.  Paget.  He  was  sure  the 
Members  were  all  of  one  opinion  in  the  matter.  It  was  only 
necessary  to^'have  worked  with  Mr.  Carbutt  as  the  Members  of  the 
Council  had  worked,  in  order  to  know  his  zeal,  his  kindness,  and  his 
attention  in  season  and  out  of  season  to  the  interests  of  the 
Institution;  and  he  liad  worked  with  a  large  measure  of  success.  He 
heartily  seconded  the  resolution,  and  was  sure  that  the  meeting  would 
accept  it  with  the  utmost  cordiality. 

The  resolution  was  put,  and  was  carried  with  acclamation. 

Mr.  Cabbutt,  in  again  taking  the  chair  at  the  request  of  Mr. 
Cochrane,  thanked  the  Members  very  heartily  for  the  kind  manner  in 
which  they  had  accepted  the  resolution  so  flatteringly  proposed  by 
Mr.  Paget,  and  seconded  by  Sir  James  Douglass.  He  believed  in 
the  Institution,  and  had  no  doubt  that  if  it  was  allowed  ami)le  scope 
it  would  do  a  great  work.  There  was  he  believed  a  great  work  to 
bs    done   by    mechanical    engineers.      He   was   one   of  those  who 
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considered  that  mecliauical  engineers  liad  a  great  destiny  before 
them,  and  that  the  happiness  and  welfare  of  mankind  depended  as 
Snuch  upon  them  as  upon  any  body  of  men  in  the  world.  When  the 
Members  had  elected  him  as  President  two  years  ago,  he  was  as  it 
were  out  of  work  ;  he  was  not  in  the  House  of  Commons,  and  having 
plenty  of  time  he  had  determined  to  do  what  he  could :  and  by  the 
helji  of  the  Council,  and  with  the  kind  assistance  of  the  Members,  he 
had  been  able  he  hoped  to  keep  unsullied  the  position  which  he  had 
occupied,  and  so  to  hand  it  on  to  Mr.  Cochrane.  He  thanked  the 
Council  for  the  manner  in  which  they  had  treated  him  ;  all  had  been 
harmonious  between  them,  and  if  it  were  not  for  the  Council  he  did 
not  think  the  Institution  would  be  in  anything  like  the  flourishing 
position  which  it  now  occupied.  They  had  of  course  sometimes 
differed  in  opinion ;  among  all  persons  who  wanted  to  carry  on  any 
work  with  spirit  and  energy  there  must  be  some  differences  of 
opinion  ;  but  all  matters  had  been  discussed  calmly  and  moderately, 
and  he  hoped  this  would  always  continue  to  be  the  case,  so  that  the 
Institution  might  still  retain  its  present  flourishing  condition. 


The  Chairmax  said  it  was  now  the  duty  of  the  Members  to 
appoint  an  Auditor  for  the  present  year. 

On  the  motion  of  Mr.  Frederick  Colyer,  seconded  by  Mr.  John 
G.  Mair,  it  was  unanimously  resolved  that  Mr.  Eobert  A.  McLean, 
chartered  accountant,  1  Queen  Victoria  Street,  London,  be 
re-appointed  to  audit  the  accounts  of  the  Institution  for  the  i)rescnt 
year,  at  a  remuneration  of  Ten  Guineas,  being  the  same  as 
heretofore. 


In  pursuance  of  the  notice  given  at  the  previous  General  Meeting 
on  behalf  of  the  Council,  the  two  following  additions  to  the  By-laws 
were  proposed  from  the  chair  : — 

New  By-law,  to  follow  immediately  after  the  existing  By-law 
10  : — "  The  Council  may  at  their  discretion    reduce   or  remit  the 
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"  Annual  Subscription,  or  the  arrears  of  Annual  Subscription,  of  any 
"  Member  who  shall  have  been  a  subscribing  Member  of  tho 
"  Institution  for  twenty-five  years,  and  shall  have  become  unable  to 
"  continue  tho  Annual  Subscription  provided  by  these  By-laws." 

Addition  to  be  made  at  the  end  of  the  existing  *  By-law  34  : — 
"  and  whoso  subscriptions  shall  not  have  been  remitted  by  tho 
"  Council  as  hereinbefore  provided." 

The  Chaikman  said  ho  need  hardly  explain  that  the  Institution 
Lad  in  its  ranks  some  who  had  been  Members  for  a  great  number 
of  years,  but  whose  circumstances  were  not  now  such  as  to  justify 
them  in  continuing  their  subscrij)tion.  It  occasionally  hapjiened 
that  Members  who  had  paid  their  subscription  regularly  for  twenty- 
five  or  thirty  years  were  not  able  to  continue  it,  in  consequence  of 
bad  times.  Under  such  circumstances  he  tliought  it  was  only  right 
that  they  should  be  continued  as  Members;  and  tlic  new  by-law 
was  proposed  with  that  object  in  view.  The  period  named  was 
twenty-five  years,  but  he  should  himself  be  glad  if  some  Member 
would  propose  that  it  should  be  twenty  years  ;  cases  sometimes  came 
before  the  Council  where  a  Member  had  subscribed  for  ouly  twenty 
years,  but  was  ixuablc  to  continue  his  subscription ;  and  in  such  an 
instance  he  thought  the  Council  ought  to  have  the  power  of  retaining 
his  name  on  the  list  of  Members. 

Mr.  J.  Macfarlane  Gray  proposed  as  an  amendment  that  the 
following  addition  be  made  to  By-law  10 : — "The  Annual  Subscri])tion 
"  of  any  Member  who  shall  have  been  a  subscribing  Member  of  the 
"  Institution  for  twenty-five  years  shall  thereafter  be  £1  per  annum." 
This  rule  he  wished  to  apply  to  all  alike,  because  he  considered  that 
if  they  paid  £3  a  year  for  twenty-five  years  it  would  thereafter  be 
sufficient  if  they  paid  £1  per  annum  ;  they  would  then  be  paying  for 
all  they  got,  namely  the  Proceedings  of  the  Institution.  If  the 
Members  desired  to  have  another  by-law  for  those  who  could  not  pay 
at  all,  they  could  have  it.  He  was  encouraged  to  propose  this 
amendment  by  what  had  been  said  about  the  wealth  of  the  Institution, 

*  Now  re-numbered  as  By-law  13. 
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aud  the  excess  of  its  income  over  its  ex^^enditure ;  and  his  proposal 
he  thought  was  financially  correct  and  workable.  Occuj)ying  himself 
the  position  of  a  government  servant  who  would  have  in  a  few  years 
to  retire  on  a  small  pension,  he  believed  there  were  many  Members 
similarly  circumstanced  who  would  rather  cease  to  be  Members  thau 
continue  their  membership  on  any  ditfcreut  footing  from  the  rest  of 
the  Members. 

Mr.  DiiTJiTT  IIalpin  seconded  the  amendment,  because  he  thought 
imder  the  circumstances  it  was  quite  reasonable  that  the  matter 
should  be  placed  on  the  footing  exi:)lained  by  Mr.  Macfarlane  Gray. 
Instead  of  individual  Members  being  obliged  to  plead  singly 
before  the  Coimcil,  he  considered  that  at  the  end  of  twenty-five 
years,  if  this  longer  limit  of  time  was  kept,  the  case  of  such 
Members  might  be  fairly  met  by  the  subscrij)tion  of  £1  per  annum. 
The  Institution  did  not  want  to  make  a  j)rofit  by  such  Members. 
The  Council  were  not  sj)ending  all  the  money  of  the  Institution, 
and  ho  hoped  they  would  in  future  spend  more ;  but  as  lono-  as 
there  was  a  balance  left  and  something  in  hand  for  experimental 
research,  he  did  not  think  that  anything  further  was  wanted. 

Mr.  E.  Windsor  Eichakds,  Member  of  Council,  said  the  Council 
had  had  before  them  a  few  cases  of  Members  who  had  been  in  the 
Institution  the  greater  part  of  their  lives,  but  at  the  end  of  twenty- 
five  years  or  more,  owing  to  adverse  circumstances,  were  not  able  to- 
continue  as  Members  because  they  could  not  pay  the  £3  annual 
subscription.  The  Members  he  referred  to  were  real  engineers  from 
apprenticeshij),  and  holding  formerly  good  positions  in  the  country  ; 
but  bad  times  had  come  upon  them,  and  they  had  been  really  unable 
to  continue  their  annual  subscrij)tion.  The  Council  had  always 
tried  to  help  them  by  retaining  their  names  on  the  list  of  Members 
for  a  year  or  two  longer,  in  order  to  see  whether  circumstances  would 
improve  with  them  so  that  they  might  be  able  to  pay  up  their  arrears. 
Some  however,  although  they  had  no  doubt  tried  their  best,  had  been 
unable  to  make  the  required  payments  ;  and  he  was  sure  that,  if  the 
Members  only  knew  all  the  circumstances  which  had  been  brought 
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before  the  Coixucil,  tliey  would  agree  to  the  additional  by-law 
proposed  from  tlie  cliair.  The  present  by-laws  did  not  enable 
Members  when  in  a  good  position  to  compound  for  life-membership. 
Many  of  them  might  at  certain  times  be  ghid  to  pay  such  a 
composition  as  should  relieve  thein  from  any  furtlicr  liability  for  the 
rest  of  their  lives  ;  but  tliere  was  now  no  by-law  enabling  them  to 
do  so,  and  the  consequence  was  that  they  had  to  go  on  year  after 
year,  and  if  at  last  trouble  overtook  them  they  were  unable  to 
•pay  the  subscription  when  it  became  due.  Was  it  not  a  pity  that 
the  Institution  should  have  to  turn  out  those  who  under  such 
circumstances  were  really  unable  to  pay,  as  had  happened  in 
several  cases  ?  If  the  Members  would  not  consent  to  the  shorter 
period  of  twenty  years,  he  hoped  they  would  at  least  consent  to  a 
period  of  twenty-five  years  for  the  application  of  the  proposed  new 
by-law ;  but  he  hoped  they  would  consent  to  the  shorter  period, 
leaving  the  matter  in  the  hands  of  the  Council,  who  were  of  course 
most  anxious  to  carry  out  the  wishes  of  the  Members.  They  might 
depend  upon  it  that,  if  a  case  was  not  a  deserving  one,  an  old 
Member  would  not  be  let  off  without  paying  his  subscription. 

Mr.  Daniel  Adamson,  Vice-President,  said  be  was  reluctant 
to  enter  into  a  discussion  of  a  rule  which  had  been  adopted  and 
recommended  by  the  Council  themselves;  but  he  agreed  with  the 
Chairman  that  it  would  be  a  desirable  thing  if  the  period  of  twenty 
years  were  substituted  for  twenty-five.  A  case  had  come  before  the 
'Council  that  day,  in  which,  if  such  a  rule  had  been  in  existence  with 
the  period  of  twenty  years,  it  would  have  been  of  great  service  in 
enabling  the  Council  to  continue  the  membership  of  a  very  worthy 
man.  It  had  been  suggested  that  an  engineer  might  have  lost  his 
means ;  but  no  engineer  with  health  and  strength,  he  considered, 
would  lose  his  means.  If  however  his  health  failed,  and  he  was  not 
able  to  follow  his  vocation  and  could  not  pay  his  subscription,  and  if 
his  fellow  members  virtually  said  to  him  that  the  Institution  was 
rich  and  could  do  without  his  subscription  and  would  still  send  him 
their  Proceedings,  what  harm  could  result  ?  If  after  a  few  years 
isuch  a  Member  recovered  his  j)Osition,  he  could  then  say,  as  every 
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liouourablc  and  riglit-niiuJcd  man  would  say,  tliat  lie  could  now 
well  afford  to  pay  up  his  arrears  of  subscription,  and  he  would  thank 
them  from  his  heart  for  relieving  him  in  a  temporary  difficulty. 
The  Institution  he  hoped  Avould  readily  enter  into  such  an 
arrangement.  The  Council  might  not  act  upon  it,  unless  it  was  a 
case  of  necessity ;  but  if  they  did  act  upon  it,  he  was  sure  the 
Members  would  be  the  lust  in  the  world  to  say  that  they  had  done 
wrong.  He  therefore  hoped  the  proposed  additions  to  the  by-laws 
would  be  passed,  with  the  amendment  which  he  now  moved  that 
twenty  years  be  substituted  therein  for  twenty-five. 

Mr.  Arthur  Paget,  Vice-President,  seconded  the  amendment 
moved  by  Mr.  Adamsou,  that  twenty  years  be  substituted  for 
twenty-five  in  the  proposed  additions  to  the  by-laws  as  moved  from 
the  chair.  In  regard  to  Mr.  Gray's  amendment,  he  would  jioint  out 
that  the  object  of  the  Council's  proposal  was  that  they  might  be 
empowered  in  cases  such  as  had  come  before  them — of  Members  who 
in  consequence  of  ill-health  had  fallen  into  circumstances  in  which 
the  subscription  was  a  matter  of  importance  to  them — to  remit  the 
subscription  after  a  certain  period.  This  was  very  different  from 
Mr.  Gray's  proposition,  which  would  have  the  effect  of  reducing 
from  £3  to  £1  the  subscription  of  most  of  the  Members  of  the 
Council,  as  well  as  of  many  other  Members  who  could  well  afford  £3  ; 
and  he  thought  he  was  representing  not  only  himself  but  the  wliole 
of  the  Council  in  declining  any  such  ofter  with  thanks. 

The  Chairman  said  he  was  obliged  to  rule  Mr.  Macfarlane  Gray's 
amendment  to  be  out  of  order,  no  notice  having  been  given  of  it. 
The  proposed  resolution  cotild  be  amended ;  but  no  amendment 
could  be  received  which  entirely  did  away  with  the  original  proposal. 
Accordingly  he  would  now  put  the  proj)osal  for  the  additions  to  the 
by-laws  as  already  moved  from  the  chair,  with  the  substitution  of 
twenty  years  in  place  of  twenty-five  years,  agreeably  with  the 
amendment  to  this  effect. 

The  proposal  so  amended  was  agreed  to. 
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The  following  Paper  was  then  read  and  discussed  : — 

Ou  tlic  use  of  Petrolouiu  Refuse  as  Fuel  in  Loeomotive  Engines;  by  Mr.  Thomas 
Urquhakt,  of  Borisogleljsk,  Russia.     Supplementary  Paper. 

At    Ton    o'clock  the  Meeting  was  adjourued  till  the  following 
evening.     The  attendance  was  77  Members  and  bo  Visitors. 


The  Adjourxed  Meeting  of  the  Institution  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Thursday,  31st  January 
1889,  at  Half-past  Seven  o'clock  p.m. ;  Charles  Cochrane,  Eso[., 
President,  in  the  chair. 

The  following  Paper  was  read  and  discussed  : — 
On  Compound  Locomotives  ;  by  Mr.  R.  Herbert  Lapage,  of  London. 

At  Ten  o'clock  the  Meeting  was  adjourned  till  the  following 
evening.     The  attendance  was  80  Members  and  82  Visitors. 


The  Adjourned  Meeting  of  the  Institution  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Friday,  1st  February 
1889,  at  Half-past  Seven  o'clock  ji.m. ;  Charles  Cochrane,  Esq., 
President,  in  the  chair. 

The  following  Paper  was  read  and  discussed  : — 

On  tlie  latest  development  of  Roller  Flour  Milling ;  by  Mr.  Henry  Simon,  of 
Manchester. 
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On  the  motiou  of  tlie  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Eagineors  for  their  kindness  in 
granting  tlic  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated  at  twenty  minutes  past  Ten  o'clock. 
The  attendance  Avas  19  Members  and  54  Visitors. 
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SUPPLEMEXTAEY  PAPER 

ON  THE  USE  OF  PETEOLEUM  EEFUSE  AS  FUEL 
IN  LOCOMOTIVE  ENGINES. 

By  BIr.  THOMAS  UEQUHAKT,  Locomotive  Si  pekintexdent, 
Gkazi  Axn  T.-?ai;ttsix  Railway,  Soutu  East  Russia. 


The  object  of  the  present  pa2)er,  which  forms  a  supplement 
to  the  author's  previous  paper  on  the  same  subject  iu  1884 
(Proceedings  1884,  page  272),  is  to  bring  before  the  Institution 
the  more  recent  results  of  his  experience  in  the  use  of  Petroleum 
Eefuse  as  fuel  on  an  unprecedented  scale  ujion  the  Grazi  and 
Tsaritsin  Eailway,  South  East  Eussia.  The  very  general  and 
increasing  interest  arising  out  of  the  former  paper  and  its  discussion 
bears  testimony  to  the  growing  importance  of  the  subject  in  all 
countries ;  and  any  authentic  data  from  the  results  of  practical 
experience  extending  over  a  number  of  years  are  sure  therefore  to  be 
more  or  less  acceptable.  Since  the  publication  of  the  original  paper 
in  1884  nothing  new  in  principle  has  been  discovered  ;  the  same 
appliances  still  continue  in  use,  having  undergone  only  the  very 
slight  modifications  suggested  by  experience  and  by  constant 
observation  with  a  view  to  simplicity  and  cheapness. 

Since  1  November  1884  the  whole  of  the  143  locomotives  under 
the  author's  suj)erintendence  have  been  fired  with  j)etroleum  refuse, 
besides  fifty  stationary  boilers,  both  horizontal  and  vertical,  two 
scrap-welding  furnaces,  four  tire-heating  fires,  two  brass-melting 
furnaces,  and  three  plate  and  spring  heating  furnaces.  Petroleum 
refuse  is  in  fact  the  fuel  used  for  all  steam-generating  purposes, 
to  the  complete  exclusion  of  all  solid  fuel,  except  a  very  small 
quantity  of  wood  for  starting  the  fires  in  horizontal  boilers  of 
pumping  engines.  For  all  metallurgical  operations  also  at  the 
central  works  at  Borisoglebsk  petroleum  is  used  as  fuel,  excej^t 
for  the  smiths'  fires  and  the  foundry  cujiolas ;  and  from  experiments- 
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now  in  progress  the  autlior  Joes  uot  despair  of  overcoming  the 
jirescnt  difficulties  in  its  application  to  these  two  remaining 
exccjitions. 

Spraij  Injector. — For  all  goods  locomotives  exactly  tlie  same 
spray  injector  is  used  now  as  formerly  (Proceedings  1884,  Plate  57) ; 
but  for  i)assenger  locomotives  it  is  provided  witL.  a  longer  nozzle, 
as  shown  in  Figs.  1  to  3,  Plate  1,  which  is  indispensable  on  account 
of  the  trailing  axle  being  so  close  to  the  back  of  the  fire-box,  Fig.  3, 
and  thus  coming  in  the  way  of  the  injector.  The  main  dimensions 
of  the  spray  injector  in  Plate  1  are  exactly  the  same  as  in  Plate  57 
of  1884,  the  only  diiference  being  in  the  length  of  the  nozzle.  The 
divider  or  vertical  grid  at  one  time  used  inside  the  fire-box,  close 
in  front  of  the  orifice  of  the  spray  injector,  for  the  purpose  of  still 
more  thoroughly  breaking  up  the  spray  jet,  is  now  discarded  in 
favour  of  bringing  the  brickwork  closer  up  to  the  orifice,  so  that 
the  spray  may  break  itself  up  against  a  rugged  brick  wall. 

Itcgcncrathe  or  Accumulative  Comhustion-  Chamber.  —  Many 
experiments  were  made  with  a  variety  of  forms  of  brickwork  inside 
the  furnace  or  fire-box.  For  locomotives  the  author's  mature 
experience  has  reduced  these  to  the  two  constructions,  shown  in 
Plate  2  for  six-wheeled  goods  and  passenger  engines,  and  in  Plate  3 
for  heavy  eight-wheeled  goods  engines.  In  the  latter  case  the  spray 
injector  is  placed  under  the  fire-box  ring,  Fig.  9,  and  delivers  the 
jet  through  the  rear  end  of  the  ashpan,  these  engines  having  deep 
ashpans  which  admit  of  this  arrangement.  In  Plate  4  is  shown 
the  arrangement  of  brickwork  used  for  Galloway  and  marine 
boilers ;  in  Plate  5  for  horizontal  boilers  fired  underneath  ;  and  in 
Plate  6  for  vertical  boilers.  For  tlie  latter,  even  when  quite  cold, 
the  fire  is  started  with  petroleum  alone,  without  any  wood,  by 
means  of  a  simple  contrivance  which  serves  its  purpose  very  well  ; 
as  shown  in  Figs.  16  and  17,  a  cast-iron  pan  P,  Figs.  20  and  21,  is 
inserted  through  a  fire-door  above  the  brick  vault,  and  is  filled  with 
petroleum  refuse  poured  in  from  the  outside  and  ignited,  air  being 
admitted  to  the  burning  liquid  through  nipples  in  the  bottom  of  the 
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pan ;  as  soon  as  steam  is  raised,  the  pan  is  withdrawn  and  tlic 
door  closed,  and  the  spray  injector  started  at  the  bottom  of  tho 
furnace.  Fig.  19.  The  vertical  boiler  here  shown  is  7  ft.  'J  ins.  high 
and  3  ft.  G  ins.  diameter,  with  50  tubes  of  2  inches  diameter,  and 
155  square  feet  total  heating  surface;  working  at  55  lbs.  per 
square  inch  above  the  atmosphere,  it  drives  an  engine  of 
8  HP.  nominal,  used  for  pumping  water,  and  burns  27  lbs. 
of  jictroleum  refuse  per  hour.  In  Plate  7  is  represented  a 
combination  of  furnace  for  petroleum  and  Avood  firing,  as  actually 
used  in  the  wagon  repairing  shops  at  Borisoglebsk,  where  quantities 
of  chips,  shavings,  old  timbers,  and  saw  dust  are  to  be  had  for  fuel ; 
but  should  there  be  any  scarcity  of  wood  fuel,  the  petroleum-burning 
appliances  fitted  to  the  furnace  as  here  shown  can  be  started  at  a 
moment's  notice.  It  is  still  the  author's  opinion,  as  it  has  been 
all  along,  that  the  form,  mass,  and  dimensions  of  the  brickwork 
are  certainly  the  most  important  elements  in  this  plan  of  utilising 
liquid  fuel,  if  not  indeed  in  any  plan. 

Cost  of  Altering  Locomotives  for  Petroleum  firing. — In  Table  X 
appended  is  shown  the  cost  of  altering  a  locomotive  of  5  feet  gauge, 
according  to  the  two  difierent  plans  followed  by  the  author  on  tho 
Grazi  and  Tsaritsin  Eailway,  the  difierence  relating  more  to  the 
tender  than  to  the  engine.  The  figures  given  of  the  costs  include 
all  details  of  the  alterations,  and  are  at  local  Eussian  prices ;  and  as 
the  rate  of  exchange  at  the  time  of  the  former  paper  in  1S8I  made 
one  paper  rouble  equal  to  two  shillings,  this  value  is  adhered  to 
throughout  the  present  paper  also.  In  the  six-wheeled  engines  tho 
original  coal  space  in  the  tender  was  found  to  be  of  sufficient 
capacity  for  containing  the  necessary  supply  of  liquid  fuel,  and 
required  therefore  simply  to  be  plated  over,  as  shown  in  Plate  8  ;  it 
is  plated  top  and  bottom,  and  a  bulkhead  is  added  across  the  front ; 
the  tank  so  formed  contains  123  •  9  cubic  feet  or  772*5  gallons.  Tho 
total  cost  of  the  alterations  amounts  to  £39  10s.  In  the  eight- 
wheeled  engines  the  capacity  of  the  coal  space  was  inadequate ;  and 
here  therefore  a  sejiarate  tank  had  to  be  resorted  to,  which  is  jjlaced 
above  the  tender  tanks,  as  shown  in  Plate    9,  and  has  a  capacity 
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of  227  "3  cubic  feet  or  1117  gallons.  This  arraugement  is  of  course 
the  more  expensive  of  the  two,  making  the  total  cost  of  alteration 
amount  to  £76  ISs.,  or  nearly  twice  as  much  as  in  the  other  engine. 

Heaidts  of  Working. — In  Table  XI  and  the  corresponding  diagrams, 
Figs.  52  and  53,  Plate  18,  are  clearly  shown  both  tabularly  and 
graphically  for  six- wheel  coupled  3G-ton  goods  locomotives  the 
comparative  cousuniptioii  and  cost  of  fuel  per  engine-mile  over  a 
whole  year  when  burning  coal  only  and  petroleum  refuse  only.  A 
corresponding  comparison  for  eight-wheel  couj)led  48-ton  goods 
locomotives  is  shown  in  Table  XII  and  diagrams  Figs.  54  and  55, 
Plate  18.  In  1882  coal  only  was  used,  of  which  63  per  cent, 
was  anthracite  and  37  per  cent,  bituminous;  whereas  in  1887 
all  the  fuel  used  was  petroleum  refuse.  The  tables  and 
diagrams  show  for  both  fuels  alike  the  whole  service  of  each 
class  of  locomotive,  including  train  haulage,  shunting,  running 
without  train,  and  standing  in  reserve  under  steam;  discrepancies 
therefore  cannot  occur.  Moreover  these  results  include  the  effects 
of  good  bad  and  indifferent  firiug ;  they  consequently  show  broad 
averages,  which  the  author  considers  can  be  thoroughly  relied  upon. 
Besides  the  separate  monthly  statements,  a  summary  of  the  year's 
working  is  given  at  the  bottom  of  each  table,  which  may  be  taken  as 
very  conclusive.  In  the  six-wheeled  engines  the  average  cost  of 
fuel  per  engine-mile  is  seen  from  Table  XI  to  have  been  reduced 
from  7*64  pence  for  coal  in  1882  down  to  4-43  pence  for  petroleum 
refuse  in  1887,  being  a  reduction  of  42  per  cent. ;  while  from 
Table  XII  it  is  seen  that  in  the  eight- wheeled  engines  the  reduction 
was  from  11*02  pence  for  coal  in  1882  down  to  5-84  pence  for 
petroleum  refuse  in  1887,  which  is  a  saving  of  47  per  cent.  The 
yearly  cost,  as  summarised  for  each  class  of  engine,  must  of  course 
vary  with  the  fluctuations  in  the  cost  of  the  petroleum  refuse  per 
ton.  In  1885  the  cost  per  ton  in  the  barges  at  Tsaritsin  on  the 
Volga  was  17s.  5J.,  whereas  at  the  end  of  1887  it  had  fallen  to 
13s.  7d.  The  cost  per  engine-mile,  given  in  Tables  XI  and  XII, 
includes  cost  of  transport,  storage,  superintendence,  and  depreciation 
of  tanks,  pumps,  pipes  &c. 
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From  Table  XI  it  will  be  seeu  tbat  the  ctiuivalcnt  of  100  tous 

of  coal  in  1882  in  the  six-wliceled  engines  was  55  tous  of  petroleum 

refuse  in  1887,  bciiig  a  retluction  of  15  per  cent,  in  weight  of  fuel ; 

while  from  Table  XII  the  saving  of  weight  in  the  eight-wheeled 

engines   came   up   to   49   per   cent,   in   1887,   that   is   51   tons   of 

petroleum  refuse  were  equivalent  to  100  tons  of  coal.     These  broad 

comparisons,  extending  over  a  whole  year's  running  with  each  fuel, 

include  of  course  all  the  ordinary  fluctuations  both  in  working  and 

in  condition  of  engines.     With  a  locomotive  in  first-class  order  and 

in  the  hands  of  a  skilful  driver,  the  author  has  no  hesitation  in 

saying   that  50  tons  of  petroleum  refuse  are  ecjual  to  100   tons  of 

first-class   coal,    while   in    special  trials   this   ratio    has   even    been 

exceeded.     But  from  special  trials  it   would    not    be   safe    to   draw 

conclusions  regarding  ordinary  working;  and    therefore    the  broad 

comi^arison  presented  by  Tables  XI  and  XII  is  to  be  preferred  as 

most  authentic. 

In  Table  XIII  is  given  the  comparative  consumjition  of 
anthracite  and  of  petroleum  refuse  per  train-mile  and  per  ton-mile 
in  the  six-wheeled  and  eight-wheeled  goods  locomotives,  as 
ascertained  in  special  trials  made  respectively  in  1883  and  1884. 
The  trials  of  the  six-wheeled  engines  extended  over  one  double 
journey  with  each  fuel  on  the  section  of  line  between  Tsaritsin  and 
Archeda,  a  distance  of  97  miles,  of  which  the  i)rofile  is  shown  in 
Fig.  50,  Plate  17,  with  the  gradients  marked  thereon.  The  result  is 
seen  to  be  that  the  equivalent  of  100  tons  of  anthracite  was  48  tous 
of  petroleum  refuse,  being  a  reduction  of  52  per  cent,  in  weight 
of  fuel.  The  trials  of  the  eight-wheeled  engines  were  made  on  the 
69  miles  length  of  line  between  Borisoglebsk  and  Filonoff,  of  which 
the  profile  is  shown  in  Fig.  51  with  the  gradients  marked.  The 
coal-burning  engine  ran  six  double  journeys  and  the  petroleum 
engine  twenty-four,  with  the  result  i)cr  ton-mile  that  45  tons  of 
petroleum  refuse  were  equivalent  to  100  tons  of  anthracite,  being  a 
reduction  of  55  per  cent,  in  weight  of  fuel  per  ton-mile.  These 
comparisons  were  made  with  the  greatest  care  i)ossible,  with  engines 
in  first-class  order,  thus  showing  the  highest  efficiency  possible  in 
locomotive  practice;  the  results  must  therefore  be  looked  upon  as 
exceptional. 
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lu  order  to  present  in  auotlicr  form  the  comparative  cost  of 
^vorking  with  coal  and  witli  petroleum,  tlie  cost  of  fuel  is  given  in 
Table  XIV,  and  in  diagram  Fig.  56,  Plate  19,  per  thousand  axle- 
miles  of  trucks  wagons  or  carriages  (not  locomotives),  -whether 
loaded  or  unloaded,  extending  over  a  period  of  thirteen  years  from 
1876  to  1888  inclusive.  During  the  first  seven  years  to  1882  coal 
alone  was  the  fuel  used  ;  in  1883  about  15  per  cent,  of  the  work  was 
done  with  petroleum  refuse,  and  in  1884  about  62  per  cent. ;  while 
in  1885  to  1888  petroleum  refuse  was  the  sole  fuel  used.  It  v»-ill  bo 
seen  that  from  17s.  in  1882,  the  last  year  in  which  coal  was  used 
alone,  the  cost  fell  to  8s.  in  1888,  being  a  saving  of  53  per  cent.  In 
1888  there  was  fully  one  month  more  of  winter  weather,  making  the 
cost  of  fuel  slightly  higher  than  in  1887. 

The  entire  working  cost  of  the  locomotive  department  for  the 
same  period  of  thirteen  years  from  1876  to  1888  inclusive,  per 
thousand  axle-miles  of  trucks  wagons  or  carriages  (not  locomotives), 
whether  loaded  or  unloaded,  is  given  in  Table  XV  and  diagram 
Plate  20.  The  item  of  fuel,  which  in  Table  XIV  consisted  of  that 
burnt  in  the  locomotives  only,  here  includes  also  that  burnt  in  the 
engine  sheds  and  drivers'  rooms,  as  well  as  expenses  of  management 
of  the  fuel  department ;  it  is  consequently  rather  higher  than  shown 
in  Table  XIV.  At  the  foot  of  Table  XV  are  added  the  total  axle- 
miles  in  each  year,  and  the  total  working  cost.  It  will  be  seen  that 
from  89  •  13  shillings  in  1882,  the  last  year  in  which  coal  was  used 
alone,  the  working  cost  fell  to  22-13  shillings  in  1888,  being  a 
saving  of  43  per  cent.  Consequently,  although  the  total  axle-milcs 
a-ose  from  97,927,740  in  1882  to  136,909,500  in  1888,  the  total 
working  cost  was  brought  down  from  £191,442  in  1882  to  £151,029 
in  1888,  being  a  reduction  of  £40,413  in  the  locomotive  department 
of  the  railway. 

Irrespective  of  cost,  the  comparative  consumption  of  fuel  is 
shown  in  Table  XVI  and  the  corresponding  diagram  Fig.  57, 
Plate  19,  per  thousand  axle-miles  of  trucks  wagons  and  carriages 
(not  locomotives)  during  the  six  years  1882  to  1887  on  the  Grazi 
and  Tsaritsin  Railway,  using  in  1882  coal  alone  and  from  1885 
petroleum  alone,  and  on  the  two  neighbouring  lines  which  meet  at 
Grazi  and  are  still  continuing  to  use  coal  alone,  namely  the  Kosloft" 
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Yoroucsli  and  Eostofi"  Eailuay  anil  the  Orel  and  Grazi  Eailway. 
Irrespective  of  cost,  it  will  be  noticed  that  in  1882,  the  last  year  in 
which  coal  alone  was  used  on  the  Grazi  and  Tsaritsin  Eailway,  when 
the  proportions  were  G3  •  2  per  cent,  of  anthracite  and  36  •  8  per  cent, 
bituminous,  the  consumption  was  0'401  ton,  the  proportion  of 
unremunerative  engine-miles  being  30  per  cent. ;  while  in  18S7, 
using  petroleum  refuse  alone,  the  consumption  for  the  same  work 
was  only  half  as  much,  namely  0*200  ton,  with  26  per  cent,  of 
unremunerative  engine-miles.  The  other  two  railways  have  been 
annually  reducing  their  coal  consumption  by  using  more  anthracite 
and  less  bituminous  coal,  besides  reducing  their  unremunerative 
engine-mileage,  the  proportion  of  which  is  least  on  the  Orel  and 
Grazi  Eailway  on  account  of  this  line  forming  a  cross-coxmtry 
connecting  link  between  two  main  through  lines.  The  table  and 
diagram  show  a  broad  average  comjoarisou  between  the  consumption 
of  jictroleum  refuse  and  that  of  coal  on  neighbouring  lines.  On  the 
Tsaritsin  line  there  is  much  shunting  at  the  harbours  on  the  Volga 
and  the  Don,  in  connection  with  the  enormous  wood  traffic  from 
the  Volga  to  the  Don,  and  thence  to  the  Sea  of  Azoff  and  the  Black 
Sea. 

Effect  of  Petroleum  Fuel  on  Boilers. — Several  slight  casualties 
which  took  place  when  the  author's  coal-burning  locomotives  were 
first  fired  with  petroleum  refuse  led  him  to  imagine  that  in 
consequence  of  the  heat  being  so  intense  the  cost  for  incessant 
repairs  would  be  even  greater  than  with  coal.  For  instance,  nuts 
screwed  on  the  lower  ends  of  the  fire-box  roof  stay-bolts  dropped 
off,  owing  to  the  very  intense  heat.  In  order  to  ensure  perfect 
safety,  these  bolts  are  now  made  with  solid  heads,  not  welded  on,  but 
forged  solid  by  upsetting  the  end  of  the  bolt  in  forging.  In  Fig.  2G, 
Plate  10,  are  shown  the  Belpaire  bolts  so  forged  with  a  solid  head, 
as  used  in  the  author's  eight-wheeled  locomotives.  Six  years' 
cxj^erience  has  shown  that  since  the  introduction  of  petroleum 
refuse  as  fuel  the  cost  of  repairs  has  been  considerably  diminished 
from  what  it  was  previously  when  firing  with  anthracite,  which  is 
particularly  destructive  to  the  fire-boxes  and  tube  ends.     In  Table 
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XIV  and  iu  the  corresponding  diagram  Fig.  5G,  Plate  19,  is  sliowu 
the  comparative  cost  of  engine  and  tender  repairs  per  thousand 
axle-miles  of  trucks  wagons  or  carriages  (not  locomotives)  during 
tlie  thirteen  years  187G  to  1888,  forming  part  of  Table  XV  and 
Plate  20 ;  and  it  is  seen  that  iu  1882,  the  last  year  in  which  coal 
was  used  alone,  the  repairs  cost  4-7  shillings,  while  in  1888,  when 
burning  wholly  petroleum  refuse,  the  cost  had  fallen  to  2-4  shillings, 
being  a  reduction  of  48  per  cent.  The  petroleum  flame  produces 
iu  reality  no  more  detrimental  effect  on  the  fire-box  and  tubes  than 
a  wood  flame,  owing  to  the  jn-otection  afforded  to  the  more  important 
parts  by  the  fire-brick  lining.  Moreover  petroleum  refuse  does  not 
contain  any  sulphur,  which  is  so  prevalent  in  all  coals  and  so 
injurious  to  the  metal  of  the  fire-box  and  tubes. 

Plating  up  of  Fire-door. — Since  the  discussion  of  his  former 
j)aper  the  author  has  availed  himself  of  a  suggestion  then  made  by 
Mr.  Joseph  Tomlinsou  (Proceedings  1884,  page  299)  that  in  a 
locomotive  burning  petroleum  there  need  be  no  firing  door 
whatever  to  the  furnace.  Although  adequate  reasons  were  given 
at  the  time  (page  322)  why  it  would  not  then  have  been  expedient  to 
do  away  with  the  firing  door,  Figs.  38  and  39,  Plate  13,  yet,  now 
that  petroleum  refuse  promises  to  be  the  fuel  of  the  future  for  many 
years  to  come,  the  author  has  already  plated  uji  the  firing  door  both 
inside  and  outside.  Figs.  40  and  41,  thus  adding  2^  square  feet  of 
very  effective  heating  surface  to  the  fire-box,  and  obviating  all 
l^ossibility  of  leakage  at  the  fire-door  ring,  and  making  a  neat  job 
altogether.  A  sight-hole  is  made  through  a  hollow  stay-bolt  S  ;  and  a 
manhole  in  the  bottom  of  the  ashpan  affords  access  to  the  interior  of 
the  fire-box  for  repairs  and  inspection.  Many  fire-boxes  are  now 
made  without  any  firing  door,  as  shown  in  Fig.  42,  Plate  13. 

Verderher  Boiler. — "With  regard  to  the  further  suggestion  made 
by  Mr.  Tomlinson  and  Mr.  Tomkius  (Proceedings  1884,  pages  299 
and  314)  that  a  more  special  construction  of  boiler  should  be 
employed  for  petroleum  firing,  the  author  is  of  opinion  that  it  would 
be  difficult  to  mature  a  better  design  than  the  present  locomotive 
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boiler  for  working  at  liigli  pressures  iind  giving  great  power  in 
a  comparatively  small  space.  ])y  way  of  cxpcrinicut  liowcver, 
without  discarding  tlic  old  locomotive  boilers,  the  author  has  lately 
adopted  a  construction  of  boiler  devoid  of  any  internal  fire-box, 
which  was  first  introduced  by  Mr.  Stephan  Verderber  in  1879  on 
the  Hungarian  State  liailways.  A  somewhat  similar  arrangement 
liad  been  introduced  in  1827  on  the  Saint-Etienne  and  Lyons 
iiailway  in  Franco  by  Mr.  3Iarc  Seguin. 

The  Verderber  boiler,  as  shown  in  Figs.  27  and  28,  Plate  10, 
•consists  of  a  cylindrical  shell,  forming  the  boiler  jn'oper,  and  of  an 
•external  fire-box  or  furnace  lined  inside  with  fire-brick  ;  the  fire-box 
is  completely  separated  from  the  boiler  proper,  and  the  only  way  in 
which  it  contributes  directly  to  the  evaporation  of  the  water  is  by  its 
radiation  of  heat  to  the  tube-plate.  The  fire-brick  lining  causes  the 
whole  fire-box  surface  to  partake  of  the  advantages  of  the  fire-brick 
arch  already  in  general  use  in  coal-burning  locomotives.  The  results 
■of  trials  made  with  two  locomotives,  which  diftered  only  in  one  of  them 
having  the  fire-box  thus  modified,  showed  that  there  was  an  appreciable 
economy  with  the  altered  fire-box,  and  that  with  the  same  combustion 
of  coal  the  blast  orifice  must  be  closed  more  with  the  fire-brick 
furnace,  because  the  tcmjieraturc  in  the  furnace  is  some  GoO^  Fahr. 
higher,  and  consequently  the  volume  of  the  gases  passing  through 
the  tubes  is  increased  nearly  35  per  cent.  The  sediment  ordinarily 
settling  upon  the  fire-box  plates  here  settles  as  rapidly  upon  the 
back  ends  of  the  tubes  for  one-third  of  their  length  ;  and  to  facilitate 
its  removal,  some  of  the  bottom  txibes  are  omitted,  and  a  mud-hole  M 
is  provided  in  the  boiler  near  the  fire-box.  As  the  water  sjiace  in 
the  Verderber  boiler  is  considerably  diminished  by  the  removal  of 
the  internal  fire-box,  it  is  requisite,  in  order  to  maintain  the  same  rate 
of  evaporation,  that  the  feed  should  be  eftected  continuously  by  an 
injector  adjusted  for  the  mean  rate  of  evaporation,  so  as  to  prevent 
too  sudden  fluctuations  of  water  level.  A  lagging  of  20  inches 
thickness  of  slag-wool  outside  the  fire-box  shell  keejis  the  heat  in 
sufficiently  to  allow  of  holding  the  hand  upon  it.  The  fire-brick 
furnace  has  run  five  months  without  anv  shaking,  the  boiler  makiny; 
steam  as  usual.     When  in  the  shoi)S  for  repairs,  the  cost  of  altering 
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an  ougiuo  to  tliis  plan  woukl  bo  not  more  than  £50 ;  whereas  to 
renew  a  copper  fire-box  in  a  large  locomotive,  with  its  multitude  of 
stays  and  roof  bolts  and  rivets,  costs  £2.jO,  or  five  times  as  much. 
The  large  extent  of  the  fire-brick  lining,  while  preventing  damage  to 
the  boiler  plates,  tends  also  to  ensure  the  complete  combustion  of  the 
liquid  fuel,  and  to  maintain  a  regular  temperature  under  irregularity 
of  firing.  The  loss  of  heat  by  radiation  from  the  furnace  is 
decreased,  in  consequence  of  the  fire-brick  lining,  and  of  the  fire-door 
not  having  to  be  oj)ened  for  firing.  The  increase  in  the  number  of 
tubes  that  can  be  got  into  the  boiler,  along  with  the  extra  heating 
surface  due  to  the  lengthening  of  the  whole  of  the  tubes  by  2  feet 
1^  inches  at  the  fire-box  end,  more  than  compensates  for  the  loss  of 
fire-box  surface,  although  the  latter  surfixce  is  admittedly  more 
profitable  than  that  of  the  tubes  for  evaporation  -per  square  foot,  as 
fully  demonstrated  by  the  experiments  recorded  by  JM.  Couche,* 
which  are  presented  in  a  condensed  form  in  Plate  21. 

Having  occasion  to  renew  some  worn  out  copper  fire-boxes,  the 
author  adopted  a  modification  of  the  Yerderber  furnace  for  two 
locomotives,  goods  and  passenger,  fired  with  petroleum  refuse,  which 
have  now  been  running  over  two  years.  From  his  own  observations 
with  these  two  locomotives  he  would  have  no  hesitation  in  using  the 
plan  for  all  his  boilers,  as  there  is  much  about  it  which  in  his 
oj^inion  recommends  it  for  firing  with  liquid  fuel.  In  Plate  11 
is  shown  the  furnace  of  the  goods  engine,  and  in  Plate  12  that 
of  the  passenger  engine.  It  will  be  seen  that  the  brick  arch  forming 
the  roof  of  the  Verderbcr  furnace  is  here  replaced  by  a  crown  sheet, 
which  not  only  increases  the  water  space  of  the  boiler  and  adds  some 
very  useful  heating  surface,  but  also  aj^pears  to  the  author  to  be 
indispensable  for  the  two  following  reasons.  Firstly,  there  could  be 
no  guarantee  that  the  brick  roof  of  the  Verderbcr  furnace  would  not 
come  down  some  time  while  running,  and  so  bring  the  train  to  a 
premature  stop  on  the  line.  Secondly,  the  crown  sheet  having  water 
on  the  top  of  it  carries  the  water  level  back  again  to  the  original 
back  plate  of  the  fire-box,  where  all  the  water-gauge  fittings  are 
ordinarily  mounted.     The  consumption  of  fuel  per  train-mile  with 

*  Permanent  Way,Eolling  Stock,  and  Working  of  Eaihvays ;  by  Cli.  Couche.  Vol.  3. 
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these  fire-brick  furnaces  is  no  more  than  with  ordinary  locomotive 
boilers  having  internal  fire-boxes ;  and  the  author  is  indeed 
disposed  to  conclude  that  there  is  a  decided  economy  in  their  favour 
on  this  score.  In  comparison  with  engines  of  the  same  class  but 
with  ordinary  fire-boxes,  the  mean  of  several  trials  made  with  the 
Verdcrber  fire-boxes  gave  an  economy  of  8  per  cent,  in  the  jiassenger 
engine  and  of  4  per  cent,  in  the  goods  engine,  in  saving  of  fuel  per 
train-mile  ;  for  greater  satisfaction  these  trials  are  to  be  continued 
for  one  year  in  the  regular  train  service  (see  pp.  82-3).  But 
the  greatest  advantages  of  the  fire-brick  furnaces  are  the  reduction 
in  first  cost  and  in  cost  of  maintenance,  and  the  shorter  time  the 
engines  have  to  stand  in  the  repairing  shop,  inasmuch  as  the  boiler 
repairs  amount  simply  to  changing  the  tubes  and  renewing  the  brick 
lining  of  the  furnace.  Even  with  coal,  with  which  Mr.  Ycrderber's 
experiments  were  made,  the  evaporation  attained  per  pound  of  fuel 
was  equal  to  that  with  the  ordinary  fire-box.  The  object  of  his  plan 
however  was  not  to  effect  economy  in  fuel,  but  rather  to  obviate  the 
incessant  damage  to  fire-boxes  and  the  consequent  stoppages,  which 
were  caused  by  rapid  incrustration  in  the  water  spaces  surrounding 
the  fire-box,  from  the  very  bad  feed-water  he  had  to  contend 
with  ;  and  this  object  he  fully  attained.  The  six-wheel  coupled 
goods  locomotive,  of  which  the  furnace  is  shown  in  Plate  11,  was 
altered  in  August  1885,  and  has  been  running  ever  since ;  it  had 
previously,  when  burning  coal,  151  tubes  of  21  inches  diameter,  and 
a  total  heating  surface  of  1248  square  feet,  including  82  square  feet 
in  the  fire-box  ;  it  has  now  157  tubes  of  the  same  diameter,  and  2  feet 
1^  inches  longer,  which  with  13  square  feet  in  the  fire-box  roof  give  a 
total  heating  surface  of  1410  square  feet,  or  an  increase  of  162 
square  feet.  As  shown  in  Fig.  30  the  fire-brick  lining  is  secured  to 
the  fire-box  shell  by  means  of  vertical  angle-irons  riveted  to  the 
shell  plates  and  imbedded  in  the  fire-brick. 

A  siiecial  form  of  boiler  for  petroleum  firing,  designed  by  Mr. 
Paschinin,  which  may  be  described  as  something  like  a  Cornish 
boiler  having  a  larger  internal  fire-box  with  a  flue  extending  thence 
along  the  bottom  of  the  barrel  to  the  smoke-box,  and  with  tubes 
added  above   the   flue,   ai^peared  to   tlie  author  at  the  time  of  its 
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suggestion  to  involve  the  serious  structural  defect  tliat  tlie  expansion 
and  contraction  of  tlie  long  flue,  whicli  would  be  exposed  to  much 
greater  heat  than  any  other  part,  must  tend  to  tear  its  end  connections 
to  pieces  in  the  absence  of  any  arrangement  for  taking  up  the 
exj)ansion.  This  proved  to  be  the  case  with  a  boiler  so  constructed 
for  tlie  Transcaucasian  Eailway  at  the  Kolomna  Locomotive  Works 
near  Moscow.  Besides  presenting  so  dangerous  a  defect,  the  fev? 
trials  made  with  the  engine  showed  that  this  boiler  consumed  more 
fuel  than  an  ordinary  boiler  of  the  same  class  of  engine ;  and  it 
is  therefore  looked  uj^on  as  a  com2:)lete  failure,  at  least  for  locomotive 
purposes. 

BJoicer  for  Air  Snpphj  to  Furnace. — The  suggestion  made  by  the 
late  Mr.  Crampton  (Proceedings  1884,  page  307)  that  the  air  should 
be  absolutely  injected  with  the  steam  and  oil,  and  mixed  with  them  in 
the  exact  proportion  required  for  perfect  combustion,  has  been  carried 
out  by  the  author  by  combining  the  spray  injector  with  an  induction 
air-blower,  as  shown  in  Fig.  37,  Plate  13.  The  spray  injector  itself 
is  the  same  as  that  ordinarily  used,  with  simply  the  addition  of  three 
concentric  nozzles,  fixed  one  in  front  of  another,  so  that  the  steam 
jet  passing  through  them  draws  along  with  it  a  supply  of  air  entering 
through  the  annular  spaces  between  the  cones.  In  a  less  developed 
form  this  idea  had  indeed  already  been  adoj^ted  in  his  first  and 
subsequent  practice ;  but  with  the  blower  shown  in  Fig.  37  sufficient 
air  is  supplied  for  a  full  fire,  even  if  the  ashpan  doors  are  closed 
altogether.  This  blower  was  fitted  to  a  six-wheel  compound  goods 
engine  which  had  been  altered  from  an  ordinary  locomotive  during 
the  summer  cf  1S87.  It  is  more  especially  necessary  in  a  compound 
locomotive,  because  the  blast  in  that  case  is  very  soft  and  makes 
only  two  beats  per  revolution  instead  of  four,  whence  some  difiiculty 
was  encountered  in  getting  the  adequate  supj)ly  of  air  into  the  fire- 
box by  means  merely  of  the  draught  iiroduced  by  the  exhaust.  The 
blower  was  therefore  resorted  to,  whereby  the  difiiculty  was  fully 
solved.  As  however  no  appreciable  advantage  in  fuel  economy  was 
found  to  result  from  its  use,  while  at  the  same  time  it  was  terribly 
noisy  in  working,  it  has  now  been  discarded. 


48  PETROLEUM    FUEL    IN    L0C05I0TI\T:S.  Jax.  1880. 

Compressed  Air  for  Spray  Injector. — Experiments  wore  also  made 
on  the  use  of  compressed  air  instead  of  steam  for  the  spray  injector. 
An  air  pump  was  fitted  on  tlic  front  cylinder-cover  on  tbe  riglit-liand 
side  of  a  goods  locomotive,  so  as  to  be  imder  the  driver's  eyes ;  it 
was  worked  by  tlie  tail  end  of  tlic  piston-rod,  which  passed  through 
the  cover  and  was  fitted  with  a  piston  G  inches  diameter,  making  of 
course  the  same  stroke  as  the  steam  piston.      The  air  pump  was 
single-acting,  and  compressed  the  air  up  to  six  atmospheres  into  a 
receiver  provided  with  a  spring  safety-valve.    Thence  the  compressed 
air  was  conducted  through  a  coil  of  2-inch  pijnng  inside  the  smoke- 
Lox,  thus   picking  up  a   good  deal  of  waste  heat,  which  it  then 
returned    through    the    spray    injector    into    the   fire-box.      With 
this   arrangement  the   engine  ran  two  months,  but  no  appreciable 
reduction  in  consumption  of  fuel  was  noticed,  whilst  a  good  deal  of 
the  engine  power  was  exerted  in  comjiressing  the  air ;  and  the  air 
pump  being  only  on  one  side,  its  working  tended  to  give  the  engine 
a  lurch  sideways,  which  was  noticed  when  running  slow.     A  more 
serious  fault  however  of  the  arrangement  was  that,  when  the  engine 
was  running  up  an  incline,  and  the  speed  was  consec[uently  slow,  as 
low  indeed  as  eight  miles  per  hour,  too  little  air  was  then  pumped 
into  the  receiver,  although  it  was  just  at  this  time  that  a  strong  fire 
was  required  for  supplying  the  extra  quantity  of  steam  needed  up 
the  incline  ;  whereas  in  running  down  an  incline  the  opjiosite  was 
the  case,  too  much   air   being    compressed   when  none  at   all   was 
required,  as  the  fire  was  stojiped  altogether  and  the  brakes  were 
ajiplied.      Even  if   this  twofold  objection  should  be  obviated,  the 
author  is  of  opinion,  from  what  could  be  observed  during  the  two 
months'  trial,  that  the  complication  and  cost  of  the  extra  gear  would 
not  be  recouped  by  a  sufficient  economy  in  fuel  consumption.     The 
idea    has    therefore    been    completely     abandoned,    at     least     for 
locomotives,  the  boiler  steam  being  found  the  most  convenient  agent 
for  injecting  the  spray  of  petroleum  refuse  into  the  furnace. 

Evaporative  Value  of  Petroleum  Fuel. — In  Table  XVII,  which  is 
a  slightly  modified  reproduction  of  one  given  in  the  former  paper 
(Proceedings  1884,  page  274),  is  shown  the  theoretical  evaporative 
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value  of  iietroleum  fuel  in  comj^arison  with  that  of  coal,  as 
determined  by  Messrs.  Favre  and  Silberraann.  At  an  effective 
jiressure  of  8^  atm,  or  125  lbs.  ])gv  square  inch,  the  highest 
evaporative  duty  of  the  petroleum  refuse  used  in  the  author's 
locomotives  on  the  Grazi  and  Tsaritsin  Eailway  has  been  14  lbs.  of 
water  per  lb.  of  fuel ;  in  comparison  with  the  theoretical  evaporative 
value  given  in  Table  XVII  of  17*1  lbs  ,  the  actual  efficiency  of  the 
fuel  is  therefore  nearly  82  per  cent.  The  only  way  of  increasing 
the  efficiency  of  liquid  fuel  aj)j)ears  to  the  author  to  be  to  make  it 
into  crude  gas  and  work  it  on  the  regenerative  principle  ;  but  such  a 
plan,  however  successful  it  might  be  in  metallurgical  furnaces  or 
indeed  for  stationary  boilers,  is  quite  inapplicable  to  locomotives. 

Copper  Tubes. — By  way  of  experiment,  with  a  view  to  raising  the 
efficiency  of  iDctroleuni  fuel,  the  author  fitted  two  locomotive  boilers 
with  solid-drawn  copper  tubes  of  2  millimetres  (0*079  inch) 
thickness  and  2^-  inches  diameter,  having  thick  coj)j)er  ferrules 
brazed  on  the  ends  next  the  fire.  With  these  tubes  steam  is  made 
very  readily,  so  much  so  that  the  blast-pipe  had  to  be  increased  in 
area.  As  these  engines  have  only  recently  commenced  running,  the 
economy  in  fuel  has  not  yet  been  ascertained ;  but  the  author  has  no 
doubt  the  copper  tubes  will  produce  an  appreciable  economy,  and  he 
will  be  happy  to  communicate  the  results  as  soon  as  they  are  fully 
known.     (See  discussion,  page  79.) 

Scrcq)  Welding  Furnaces. — In  Figs.  43  and  44,  Plates  14  and  15, 
are  shown  a  longitudinal  section  and  end  elevation  of  the  larger  of 
two  scraji-welding  furnaces,  fired  with  petroleum  refuse,  which  have 
now  been  in  daily  use  for  about  three  years  at  the  Borisoglebsk  works, 
and  are  giving  perfect  satisfaction.  The  body  of  the  furnace  is  of 
the  usual  reverberatory  form,  and  in  place  of  a  fire-grate  it  has  three 
air  spray  injectors  at  the  firing  end,  which  are  placed  almost  on  a 
level  with  the  bridge.  Through  these  three  blast  injectors  the  whole 
of  the  air  required  for  combustion  is  supplied.  As  no  unconsumable 
particles  exist  in  the  fuel,  no  ash  pit  is  required,  and  no  cleaning  is 
necessary  during  working;  hence  the  furnace  can  work  continuously 
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SO  long  as  tlic  roof  tloes  not  get  burnt  out.  It  also  slags  very  freely, 
thus  proving  that  quite  sufficient  heat  is  available  for  all  practical 
purposes.  The  blast  used  is  cold,  and  from  the  ordinary  smithy 
main.  It  was  at  one  time  contcmidated  to  heat  the  air  by  the  waste 
heat  from  the  furnace  itself;  but  being  short  of  boiler  power  the 
axithor  had  to  utilise  the  waste  heat  from  both  these  welding  furnaces 
for  heating  a  large  elephant  boiler  erected  close  by,  which  now 
supplies  almost  sufficient  steam  for  the  steam-hammers  and  rolling 
mill.  The  petroleum  reservoir  R  is  placed  right  above  the  larger 
furnace,  in  order  that  during  winter  the  refuse  may  be  kept  in  a 
liquid  state  by  the  heat  radiating  from  the  furnace  ;  it  supplies  both 
furnaces  through  a  separate  pipe  to  each.  Besides  a  main  code  M  on 
the  pipe  to  each  furnace,  there  are  also  three  half-inch  cocks  C  C  C 
for  regulating  minutely  the  supply  of  fuel  to  the  three  spray 
injectors  of  the  larger  furnace.  The  liquid  trickling  from  these 
cocks  si)reads  into  a  thin  film  upon  an  inclined  shoot  cast  in  one 
piece  with  the  blast  pipe,  which  terminates  at  the  furnace  end  in  a 
wide  flat  tuyere,  as  shown  in  Figs.  45  to  47,  Plate  15.  The  blast 
issuing  from  this  broad  rectangular  orifice  carries  with  it  in  the  form 
of  spray  the  thin  flat  film  of  petroleum  dropping  from  the  orifice 
above  ;  and  the  jet  striking  against  the  low  bridge,  half  a  brick  high, 
produces  a  thorough  mixture  of  air  and  gas,  the  j)roportions  of  which 
are  so  accurately  regulated  that  a  perfect  white  welding  heat  is 
maintained  in  the  furnace  without  any  smoke  being  emitted. 
The  larger  furnace  has  three  blast  injectors,  while  the  smaller 
requires  only  two.  The  same  construction  of  blast  injector  is  now 
used  also  in  the  tire  fires,  in  place  of  the  circular  tuyere  nozzles 
previously  employed  (Proceedings  1884,  Plate  59). 

The  great  simplicity  of  the  appliances  for  thoroughly  utilising 
liquid  fuel  for  metallurgical  purposes,  even  for  forgings  of  the 
largest  size,  commends  itself  in  any  country  where  this  fuel  can  be 
had  at  a  cheap  rate.  As  no  trace  of  sulphur  exists  in  petroleum  refuse, 
no  deteriorating  effect  can  take  place  upon  the  iron.  With  coal, 
especially  Russian  bituminous  from  the  Donetz  coal  basin  in  South 
Russia  which  is  rich  in  sulphur,  it  is  imj)ossible  to  get  iron  of  first- 
rate    quality.     In    tests  made  on  iron  rolled  from  jjoor  unwashed 
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scraj)  weldetl  with  liquid  fuel  it  was  invariably  found  that  a  very 
homogeneous  ductile  metal  of  high  quality  was  produced.  As 
compared  with  coal  a  saving  is  effected  of  40  per  cent,  iu  weight  of 
fuel,  besides  the  outjiut  being  considerably  increased. 

On  Blonday  mornings  3^  hours  are  required  for  heating  the 
larger  furnace  up  to  a  white  heat,  with  a  total  consumj)tiou  of 
540  lbs.  of  petroleum  refuse.  On  all  other  days  in  the  week 
If  hours  are  required,  with  a  consumption  of  125  lbs.  To  make  one 
ton  of  blooms  in  the  larger  furnace  alone  from  small  unwashed,  scrap 
three  times  welded  requires  a  consumption  of  17  cwts.  of  petroleum, 
with  a  loss  of  iron  of  from  18  to  20  per  cent.  In  practice  however 
both  furnaces  are  at  work  at  the  same  time,  and  the  blooms  are 
passed  from  one  to  the  other  when  being  hammered,  thus  keeping 
the  heat  uj)  in  blooms  and  furnaces,  and  reducing  the  consumption  of 
petroleum  to  13  cwts.  per  ton  of  rolled  bars  of  light  sections. 

Brass  3Ielthvj  Fires. — In  Plate  16  are  shown  a  plan  and  vertical 
section  of  the  two  brass-melting  furnaces  using  liquid  fuel,  which 
the  author  has  also  had  in  daily  work  now  about  three  years 
with  entire  satisfaction.  The  same  fires  were  formerly  used  with 
coke  as  fuel ;  they  are  of  the  well-known  make  having  drop  bottoms, 
which  however  are  not  now  used,  as  no  unconsumed  residue 
remains  in  the  furnace.  The  same  blast  tuyere  is  used,  here  as  in 
the  welding  furnaces  and  tire  fires ;  one  is  quite  sufiicient  for 
each  brass  fire,  and  is  set  tangentially  to  it,  as  shown  iu  the  plan, 
Fig.  48,  thereby  giving  a  whirling  motion  to  the  flame,  which  coming 
in  contact  with  the  white-hot  fire-brick  lining  ensures  complete 
combustion  of  all  the  particles  it  contains.  The  blast  used  is  cold, 
and  supplied  from  an  ordinary  fan.  Besides  occasioning  a  much 
cleaner  foundry,  free  from  sulphurous  fumes,  the  adoption  of 
petroleum  in  place  of  coke  has  resulted  in  a  sensible  economy  in 
fuel,  as  well  as  a  saving  of  time  in  melting.  The  results  are  as 
follows  : — with  coke,  40  lbs.  of  brass  castings  were  made  with  35  lbs. 
of  fuel  and  10  per  cent,  loss  of  metal;  while  with  petroleum 
refuse  40  lbs.  of  brass  castings  are  made  with  18  lbs.  of  fuel  and  only 
6  to  7  per  cent,  loss  of  metal,  and  with  25  per  cent,  saving  in  time. 
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It  is  of  course  quite  possible  that  a  better  arraugement  could  be 
made  for  this  purpose  ;  but,  as  iu  the  case  of  the  locomotives,  the 
plan  here  sho^vu  is  the  simjilest  aud  most  direct  way  of  applying  the 
liquid  fuel  under  existing  circumstances,  and  the  author  has  been 
so  satisfied  with  the  results  that  he  has  not  seen  any  necessity  for 
farther  experimenting. 

Lubrication. — The  petroleum  refuse  burnt  in  the  locomotives  is 
also  found  to  make  an  excellent  lubricant,  aud  for  some  years  past 
nothing  else  has  been  used  for  the  wagons  and  tenders,  thus  reducing 
expenditure  considerably.  The  only  thing  necessary  is  to  get  it 
pure,  without  sand  or  grit ;  aud  fortunately  this  can  readily  be 
managed  by  skimming  the  cream  off  the  top  of  the  reservoirs  in 
summer  after  they  have  stood  some  time  for  settling.  In  this  way 
a  very  pure  oil  is  obtained  for  lubrication,  although  black  in  colour. 

From  laboratory  experiments  made  at  Borisoglebsk  on  the 
comparative  qualities  of  petroleum  refuse  as  a  lubricant  under 
varying  conditions  of  tem2)erature,  it  was  found  that  in  summer  it 
can  be  used  by  itself  as  a  lubricant  for  carriages,  trucks,  and  tenders, 
and  also  for  all  pumping  engines  and  other  rough  machinery.  As 
cold  sets  in,  it  is  indispensable  to  add  to  the  petroleum  refuse  from 
30  to  50  per  cent,  of  solar  oil,  a  mineral  oil  which  is  one  of  the 
products  of  distillation  from  crude  petroleum  and  has  a  sj)ecific 
gravity  of  0"860  to  0*870  and  a  flashing  point  of  lOO'^  centigrade  or 
212°  Fahr.  As  petroleum  refuse  by  itself  becomes  in  cold  weather 
too  thick  to  rise  through  a  wick  by  capillary  attraction,  solar  oil  is 
added  in  proportion  to  the  coldness  of  the  atmosphere,  so  as  to 
preserve  the  necessary  fluidity. 

In  place  of  the  usual  j)lan  of  testing  the  value  of  a  lubricating 
oil  by  measuring  the  external  friction  of  rubbing  surfaces  lubricated 
therewith,  the  novel  idea  occurred  to  Professor  N.  Petroff, 
professor  of  mechanics  in  the  Technological  Institute,  St.  Petersburg, 
of  measuring  the  internal  friction  among  the  molecules  of  the  oil 
itself.  For  this  purpose  a  sample  of  the  oil  to  be  measured  is  passed 
with  a  definite  pressure  through  a  glass  tube  of  1|  mm.  =  0*06  inch 
bore  and  505  mm.  =  20  inches  length,  which  is  immersed  in  a  water 
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bath  kept  at  various  temperatures ;  and  the  friction  is  cTetermined  by 
the  time  required  for  passing  a  measured  quantity  of  oil  through 
the  tube.  The  results,  exj)resscd  originally  in  milligrams  of  pressure 
per  square  millimetre  of  bore  of  the  glass  tube,  are  represented  by 
the  curves  plotted  in  the  diagram,  Fig.  58,  Plate  19,  in  which  the 
scale  of  pressure  has  been  converted  to  hundredths  of  a  pound  per 
square  inch  of  bore.  As  a  standard  for  comparison  the  friction  of 
rape  oil  is  taken,  which  is  represented  by  the  curve  EE.  Petroleum 
refuse  used  by  itself,  without  admixture,  gives  the  two  curves  A  and 
B :  of  which  A  rej)resents  the  petroleum  refuse  used  by  the  author 
in  February  1886,  having  a  specific  gravity  of  0"  904  at  20^  centigrade 
or  68°  Fahr. ;  and  B  represents  that  used  in  July  1885,  having  a 
specific  gravity  of  0*895  at  the  same  temperature.  The  three  curves 
C  D  E  correspond  respectively  with  admixtures  of  30,  40,  and  50 
per  cent,  of  solar  oil ;  the  two  higher  percentages  are  employed  in 
very  cold  weather,  while  30  per  cent,  is  the  admixture  used  in  spring 
and  autumn.  At  temperatures  of  from  40°  to  45°  centigrade  or  104° 
to  113°  Fahr.  it  will  be  noticed  that  the  friction  of  petroleum  refuse 
by  itself  in  the  line  B  B  approaches  pretty  near  that  of  rape  oil  in 
the  line  E  E ;  while  the  addition  of  30  per  cent,  of  solar  oil,  as 
shown  by  the  line  C  C,  reduces  the  friction  to  the  same  as  with  rape 
oil  at  the  above  temperature,  thus  rendering  the  train  resistance 
consequently  the  same.  Similarly  the  lines  D  D  and  E  E  show 
respectively  the  same  friction  as  raj)e  oil  at  the  lower  temperatures 
of  about  32°  and  18°  centigrade,  or  90°  and  64°  Fahr. 

Now  that  petroleum  seems  destined  to  occupy  a  prominent  place 
in  India  as  well  as  in  many  other  parts  of  the  world,  these  results 
in  regard  to  its  value  as  a  lubricant  can  hardly  fail  to  be  of  interest 
to  engineers,  irrespective  of  its  use  as  a  fuel. 
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Equivalent  Bnssian  and  English  Measures. 

1  sajene=7  feet.     500  sajenes=l  verst:=0-G629  mile. 

1  pound  =  0-002S5  lb.     40  poimds  =  l  pood=3G-114  lbs.     62-0257  poods  =  l  ton. 

1  copeck  =  0  •  24  penny.     100  copecks  =  1  rouble  =  24  pence. 

1  copeck  per  pood  =  14*SS6  pence  per  ton. 
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TABLE   X. 

Cost  of  Alterations  for  Petroleum  Firing 

in  Six-ivlieel  and  Eight-iclieel  Coupled  Goods  Locomotives 

on  tlie  Grazi  and  Tsaritsin  Baihoay  of  5  feet  gauge. 
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SPRAY   INJECTOR   AND   CONNECTIONS. 

Spraj'  Injector     .... 

Indicator  to  Injector    . 

Gas  piiDe,  2  inches  diameter 

Copper  pipe,  2  Indies  diameter 

Gas  pipe  f  inch  diameter,  23  lbs.  . 

AVorm  and  otlier  copper  pipes,  Gl  lbs. 

Wire  netting  for  strainers 

Iron  fittings,  various,  45  lbs. 

Brass  cocks,  various     . 

Elastic  hose  with  brass  end-sockets 

Brass  mouthpiece  on  injector,  7  lbs. 

Steam  valve,  f  inch 

Two  triple  connections  for  steam  pipes,  7  lbs 

Workmanship      ..... 

Total  cost  of  Engine  fittings    . 


BRICKWORK  IN  FIRE-BOX. 

Fire-bricks   from   Glenboig  Works,  350    and    400, 

at  20s.  per  100 

Fire-clay,  two  barrels  =  400  lbs.  .... 
Bricklayer's  wages       ...... 

Total  cost  of  Brichworh  .... 


TENDER. 

Iron  plate,  3-16ths  inch  thick,  ■with  angle-irons 
Workmansliip      ...... 

Total  cost  of  Tender  alterations 


Six-whcol  and 
Eight-wheel  Engines. 

£    s.  d. 

2    5  0 

11  0 

6  0 
8  0 

7  11 
4    0    0 

3    2 


7  G 
0  0 

8  0 
6  3 
4  0 
6  2 


3  14    0 


15     7    0 


Six-wheel 

Engine. 

£   s.    d. 

3  10     0 

2     5     0 
6    0 


6     10 


13    2    0 
5    0    0 


18    2    0 


Eight-wheel 
Engine. 

£    s.    d. 

4     0     0 

2     5     0 
6     0 


6  11     0 


jso     0 


55     0    0 


Total  Cost  of  Engine  and  Tender  alterations 


39  10    0 


76  18    0 


*  The  eight-wheel  engine  has  a  separate  tank  added  on  the  top  of  the  tender, 
Plate  9,  thereby  increasing  the  cost  so  much  above  that  in  the  six-wheel  engine, 
Plate  8. 
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o 

00 

i-H  -h  X  ri  CO  X  -H  m  o  -+I  uo  r> 

l>  UO  -r  -t<  O  O  CO  L--  t>  C;  C~  lO 

Average 
Number 
of  Trucks 
in  train. 

C0(MI>C5C0>«OTf<'*<CCO>0 
^C005»OlO00t~^»O«O(MOlO 

CO 

CO 

C0COCOCOTt<-H-t<-tl-*i-:*'COC0 

COAL  in  1SS2,  including  wood  for  lighting  up. 

Average  per 
Engine-mile. 

o 
u 

ji  t^  L~  2  X  i5  c:^  X  CO  S  c-i  th  -f 

OCO^CMCSCiClClClOOlMCO 
fL|>-HrHr-l                                        rHrli-ll-l 

9 

rH 

1-1 

Con- 
sump- 
tion. 

.l-t>— ir5COiNl^!N<»C0Tt<Tt< 

t»  O  —  C-.  X  lO  C3  -O  Cq  O  X  CO  o 

^ 

i.Joco-iHOXoric;-*'*iC5  0 
"cicoxi-coi>:ooi>t-ooo5 

79-08 

Total 
Engine- 
miles. 

-#T+<r-<COlrtOC5i-H!r>i-lCOCO 
t>^XC5TtHC<I-rrl.';XrtHt3CO 
(M-^CO(Mi-ll-Ot-i-H-t<^'a<l^ 

CO 
CO 

lOOC:-*COt-nCaO— '0(N 
■*iC03<l(MC0C0(MC0".'0C-l^O 

Toial 
Truck- 
miles. 
* 

O<M^^OC0OC0l-t-t^i-H 

CO^.   ':J^^H    —    CO<Mt^CO-t^l-IO 

-t^'of  O-f  cTc  -H  O  x'u'^  O  tH~CO~ 
~.   X  CO  i-O  l^  01  t<  O  ::0  X  i-H  i-l 
O-l  O  -O  X  1-1  CO  O  CO  X  O  ^  ■*! 

I-Hi— 1                   ,-Hl-Hl— ll-Hi-HC^(Ml— 1 

CO 

CO 

CO 
X 

Total 
Train- 
miles. 

rt-JtliriTtlCCCOt-COCCOCXlCi 
t^l^(MOX^^I<ICO>Or-i,-l 

(MCOC.  C3C0--0C;rHi-H(MX?O 

C<r  i^"  x' O  CO  0-f  CO  CO  i>  cT  t>  i-T 
COCOi-hC^IMCOIMCOtJiOIOtJH 

o 

CO 
CO 

Average 

Number 

of  Trucks 

in  train. 

* 

l^^r-l-^rt^-*lco■*c5T^leooo 

j.-(X<M-+lrtC<IO«305lOi-H10  0 

J^CO't<COCO-HOCOC5CilOO-+l 
COCOCOCOrtl-tlTtHCOCOCOCOCO 

Months. 

January    . 
February  . 

April    . 

Jlay     .      . 
June    . 
July     .      . 
August 
Srptember. 
October     . 
November . 
December . 

Means  and 
Totals 
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TABLE   XV  (continued  on  opimsite  pacje). 

Worlcing  Cost  of  Locomotive  Department, 

per  1000  Axh'-iiiik's  of  trucJcs  icagons  or  carriages  (not  locomotives), 

on  the  Grazi  and  Tsaritsin  Bailicai/,  during  tJiirteen  years,  1876  to  1888. 

See  Diagram,  Plate  20,  Fig.  59. 


riaie  20. 


AAA 

BBB 

CCC 

DDD 

EEE 
FFF 

GrGrGr 

HHH 

JJJ 

KKK 


Items  of  Cost. 


i  Salaries  of  Loco.  Supt.  aiulj 
Assistants  and  office) 
management         .         . ) 

{"Wages  and  Premiums  tol 
Enginemen,  including  > 
shed  foremen  and  men  ) 

iFuel  for  Engines,  engine-'i 
sheds,      and       drivers' 
rooms,   including    man-j 
agement       .  .  .J 

I  Lubrication  of  Engines  I 
<  and  all  Rolling  Stock! 
I     and  machinery     .  . ) 

Water  and  pumping 

JKepairiug  Shops,  manage-l! 
\     ment  and  wages  .  .  j ' 

Cleaning  of  EolUug  Stock  | 

("Renewals  and  Repairs  ofl 
\    Engines  and  Tenders  .  / 

I  Renewals  and  Repairs  ofj 
Carriage  and  Wagon; 
Stock  .         .         .  : 


187G 


Shillings. 
0-516 

7 -248 
19-081 

1-8SG 

1-844 
1-981 
0-575 
G-493 

8-236 


rTotal  Cost  per  1000  Axle 
1     miles  in  Shillings 


:}' 


47-860 


1877 


1878 


Shillings. 
0-503 


Shillings. 


0-441 


5-826  5-G54 


lG-901 

1-291 

1-590 
1-G22 
0-431 
4-526 

6-G98 


lG-341 

1-245 

1  -377 
1-739 
0-434 
3-298 

7-318 


39-388         37-847 


Total  Axle-miles  of  trucks  wagons'!  mq  ^^^   .qr- 
or  carriages      .  .  .  •/       '        '      ' 

Total  Working  Cost  in  pounds        .   |   £115,621 


56,320,237 


71,889,982 


£111,255  I  £135,941 


*  In  1 876-82  Coal  alone  was  used  in  the  locomotives. 
§  In  1885-88  Petroleum  Refuse  alone.    See  page  G2. 
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(^contiimed  on  folloicing  iKirje)  TABLE  XV. 

Worlcing  Cost  of  Locomotive  Department, 

per  1000  Axle-miles  of  trucls  icagons  or  carriages  (jiot  locomotives), 

on  the  Grazi  and  Tsaritsin  Eailicay,  during  thirteen  years,  1876  to  1888. 

See  Diagram,  Plate  20,  Fig.  59. 


1879 

* 

1880 

* 

1881 

* 

1882 

1S83 
t 

1884 

Plate  20. 

j 

Shillings. 

Shillings. 

Shillings. 

Shillings. 

Sliillings. 

Shillings. 

0-366 

0-431 

0-465 

0-422 

0-409 

0-386 

AAA 

G151 

6-277 

5-493 

5-433 

5  •232 

5-068 

BBB 

17-509 

19-137 

18-570 

17-125 

16-626 

13-174 

ccc 

1-417 

1-380 

1-217 

1-191 

1-167 

1-083 

DDD 

1-440 

1-630 

1-209 

1-244 

1-184 

1-292 

EEE 

2-119 

2-386 

1-629 

1-644 

1-792 

1-507 

FFF 

0-519 

0-491 

0-405 

0-392 

0-265 

0-368 

GGG 

5-312 

7-538 

5-291 

4-727 

4-838 

4-544 

HUH 

9-956 

9-446 

8-188 

6-955 

6-664 

5-197 

JJJ 

44-789 

48-716 

42-467 

39  133 

38  177 

32-619 

KKK 

71,958,659 

74,413,099 

88,151,537 

97,927,740 

113,579,960 

124,461,939 

Axle- 
miles. 

£160,969 

£181,020 

£186,981 

£191,412 

£216,473 

£202,774 

Cost. 

t  In  1883  Petroleum  Refuse  15  per  cent,  and  Coal  85  per  cent. 
t  In  1884         „  „        62  „      „       „        „    38    „      „ 
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TABLE  XV  (concluded  from  p-eccding  ixuje). 

Worlcing  Cost  of  Locomotive  Department, 

])er  1000  Axle-miles  of  truclcs  wagons  or  carriages  (not  locomotives), 

on  tlie  Grazi  and  Tsarifsin  Ttailwcuj,  during  thirteen  years,  1876  to  1888. 

See  Diagram,  Flaie  20,  Fiy.  59. 


riid.'  20.! 


Items  of  Cost. 


AAA 

r.Bii 
ccc 

DDD 

EEE 
FFF 
GGG 
HHFl 

JJJ 
KKK 


i  Salaries  of  Loco.  Supt.  and 
Assistants  and  ollicu 
management 

i  Wages  and  Premiums  toi 
Enginemeu,  including 
shed  foremen  and  men  J 

I  Fuel  for  Engines,  engine- 
sheds,  and  drivers' 
rooms,  including  man- 
agement 

i  Lubrication  of  Engines  I 
and  all  Eolling  Stock  | 
and  machinery     .  . ) 

I  Water  and  pumping 

(Kcpairing  Shops,  manage-^ 
\     ment  and  wages  .  .  J 

Cleaning  of  Kolling  Stock 

(■Renewals  and  Eepairs  of 
i\     Engines  and  Tenders 

j  Renewals  and  Repairs  of 
•J     Carriage     and     Wagon 
Stock 


(Total  Cost  per  1000  Axle- 
1     miles  in  Shillings 


1885 


1886 


'] 


Shillings. 
0-403 

4 -027 
10-067 

0-845 

1-063 
1-639 
0-234 
4-081 

4 -383 


27-342 


Shillings. 
0-525 

4-790 
9-084 

0-702 

1-040 
1-736 
0-369 
2-682 

3-941 


1S87 
§ 


Shillings. 
0-483 

4-499 
8-335 

0-664 

0-875 
1-479 

0-302 
2-265 

3-443 


24-869 


22-345 


1888 


Shillings. 
0-453 

4-318 
8-480 

0-634 

0-755 
1-479 
0-332 
2-446 

3-231 


22-134 


Total  Axle-miles  of  trucks  wagons 
or  carriages       .... 

Total  Working  Cost  in  jDonnds 


126,569,995118,900,533 

£173,118  I    £147,732 


136,420,000136,909,500 


£152,278 


£151,029 


In  1876-82  Coal  alone  was  used  in  the  locomotives.   \ 


See  pages  60-61. 


t  In  1883-84  Petroleum  Refuse  and  Coal. 

§  In  1885-88  Petroleum  Refuse  alone  was  used  iu  tlie  locomotives 
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Discussion. 

The  Chairman  said  tlie  previous  paper  on  tliis  subject  by 
Mr.  Urqubart  bad  commanded  a  great  deal  of  attention  all  over 
Europe  and  America ;  and  several  engineers  had  since  gone  to 
Russia  on  purpose  to  see  what  he  was  doing.  Since  the  present 
supplementary  paper  bad  been  prepared,  the  author  bad  also  sent  a 
few  additional  remarks  which  would  now  be  read. 

Mr.  TJrquhart,  being  unable  to  come  to  the  Meeting,  wrote  from 
Russia  that,  owing  to  a  coal  crisis  prevailing  there  ever  since  last 
summer,  his  system  of  petroleum  firing  was  being  adopted  on  the 
central  railways  of  Russia,  namely  :  Moscow  and  Kursk,  Moscow  and 
Nishni-Novgorod,  Moscow  and  Brest,  Tamboff  and  Kosloflf,  Tamboff 
and  Saratoff,  and  Orel  and  Grazi.  It  was  also  being  adopted  on  the 
Roumanian  railways,  and  on  the  Pennsylvania  Railroad ;  and  he  had 
received  an  enquiry  from  Livorno  (Leghorn)  for  its  'application  to  a 
locomotive  there.  The  system  was  likewise  intended  to  be  tested  on 
board  the  Russian  torpedo  boats. 

The  price  of  petroleum  refuse  per  ton  delivered  at  Tsaritsin  was 
at  the  present  time  10^  copecks  per  pood,  equivalent  at  2s.  per  rouble 
to  13s.  per  ton.  At  Nishni-Novgorod  on  the  Volga,  which  was  the 
main  port  for  Moscow,  being  by  rail  only  400  versts  =  270  miles 
east  of  Moscow,  the  current  price  was  15  copecks  per  pood,  or 
18s.  Sd.  per  ton.  At  these  prices  it  was  not  surprising  to  find  that 
all  the  mills  and  factories  in  the  vicinity  of  Moscow  and  Vladimir 
had  abandoned  wood  fuel,  and  altered  their  furnaces  to  burn  liquid 
fuel.  Apart  from  steam-boats  and  railways,  there  could  be  no  doubt 
that,  in  the  present  scarcity  of  wood  and  coal  for  fuel  in  Russia, 
petroleum  refuse  at  these  prices  came  in  as  a  great  boon  to  the 
manufacturing  industries  in  the  Moscow  district. 

Mr.  Edmund  Kimber  represented  the  Hon.  Richard  Benjamin 
Avery  of  America,  who  had  devoted  many  years'  attention  to  this 
subject,  and  whose  inventions  were  now  being  tested  in  a  practical 
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manner  by  Messrs.  Diibs  and  Co.  of  Glasgow.     That  Mr.  Urquliart's 
paper  was  a  most  valuable  contribution  to  practical  science  migbt 
be   inferred   from   the   fact   that,    on   the   invitation    of  the  Eoyal 
Engineering  College  at  Chatham,  lectures  were  now  being  delivered 
there  on  this  subject  on  the  suggestion  of  the  government.   In  Eussia 
great  interest  was  being  taken  in  the  matter  by  the  government  and 
military  and  railway  authorities.      The   subject  was  indeed  one  of 
world-wide    importance.      It   might   no    doubt   be   asked   how,    if 
petroleum  refuse  cost  17s.  a  ton  at  Tsaritsin,  it  could  be  of  any 
practical  use  to  engineers  in  London.      But  some  of  the  Members 
were  probably  aware  that  a  concession  had  already  been  granted  for 
the  construction  of  an  8-inch  pipe  line  for  petroleum  from  Baku  to 
Batoum,  a  distance  of  470  miles,  for  connecting  the  Caspian  Sea  with 
the  Black  Sea.     There  was  a  railway  already  between  those  ports ; 
but  in  the  coui'se  of  a  few  months  another  pipe  line  to  avoid  the 
Suram   Pass   of  50  miles   would   be  completed,  and  would  double 
the  output  of  petroleum    between    Baku    and    Batoum,   and   ease 
the  transit  by  rail.      Having  had  occasion  to  go  into  calculations 
as  to   the  cost  of  transit,   he   had  found  that  by   a   tank   steamer 
between   Batoum  and   London   it   would   be    practicable   to   bring 
petroleum    to    this    country   at  10s.    per   ton,   while   the    carriage 
from   Baku  to   Batoum  would   be  10s.  to  15s.  a  ton.      The  total 
production  of  which  the  wells  at  Baku  were  at  present  caj^able  was 
about  20,000  tons  per  day,  which  he  believed  was  three  or  four  times 
the  present  output  of  all  the  American   oil   wells  together.     But 
although  that  was  the  possible  output,  the  actual  output  was  not 
more  at  present  than  one  million  tons  per  annum ;  and  he  believed 
that  60  per  cent,  or  more  of  the  crude  petroleum  was  refuse.    Hitherto 
it  had  been  only  the  burning  oil  constituting  the  remaining  40  per 
cent,  that  would   pay  for   the  cost  of  carriage;    and  it  had  been 
necessary  to  make  a  great   lake  of  the  refuse  and  sell   it  at   the 
best  price  that  could  be  got.     It  was  therefore  not  surprising  that 
Mr.  Urquhart  could  get  it  at  17s.  per  ton;  and  in  his  own  opinion 
he  ought  to  get  it  at  much  less.     Of  course  it  paid  him,  as  it  would 
pay  everybody  in  Eoumania  and  Eussia,  to  use  it  in  the  way  he  did  ; 
but  that  seemed  to  be  really  a  very  expensive  way  of  using  it,  and  a 
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way  that  no  English  or  American  engineer  would  think  of  adopting. 
The  output  would  soon  he  considerably  increased  by  the  pipe  lino 
avoiding  the  Suram  Pass,  which,  although  only  G  inches  in  diameter, 
would  enable  the  quantity  to  be  at  least  doubled.  The  time  was 
therefore  coming  he  thought  when  Russian  oil  would  be  a  formidable 
competitor  of  American.  One  firm  alone  in  London  had  during  the 
present  winter  received  an  importation  in  six  weeks  of  21,000  tons  of 
Eussian  burning  oil,  in  seven  shipments  averaging  3,000  tons  each  ; 
and  at  the  anticipated  rate  of  increase  he  was  told  the  price  of  burning 
oil  would  be  brought  down  to  4^f?.  per  gallon,  or  £4  10s,  per  ton. 
At  what  price  then  would  the  refuse  used  by  Mr.  Urquhart  be  brought 
to  London  ?  It  would  be  able  to  be  brought  at  a  profit  he  thought 
at  £2  per  ton ;  and  according  to  the  figures  given  in  the  paper  it 
would  then  pay  every  industrial  enterprise  to  use  it  in  this  country. 
In  his  opinion  however  there  was  an  error  in  the  view  expressed  in 
page  49  that  "  the  only  way  of  increasing  the  efficiency  of  liquid  fuel 
appears  to  the  author  to  be  to  make  it  into  crude  gas  and  work  it  on 
the  regenerative  principle ;  but  such  a  plan,  however  successful  it 
might  be  in  metallurgical  furnaces  or  indeed  for  stationary  boilers, 
is  quite  inapplicable  to  locomotives."  It  might  be  inapplicable  if 
worked  on  the  regenerative  principle  ;  but  that  was  not  the  most 
approved  principle,  and  was  not  the  principle  which  was  now  being 
worked  out  in  Scotland  and  in  America.  The  principle  which  had 
been  worked  out,  and  he  thought  successfully,  during  the  last  twenty 
years,  consisted  in  causing  the  admission,  not  of  crude  steam,  but  of 
the  hydrogen  of  the  steam  as  hydrogen,  mixed  with  the  evaporated 
oil,  into  retorts  at  the  sides  or  bottom  of  the  furnace,  so  that  the 
mixture  might  be  heated  in  those  retorts  before  it  was  admitted  into 
the  furnace.  Experience  showed  that,  for  the  purpose  of  getting  the 
greatest  quantity  of  heat  out  of  the  fuel  so  mixed,  it  must  be  made 
into  perfect  gas  before  ignition.  Of  course  it  paid  the  author  in 
Russia  to  go  on  in  his  present  way ;  but  the  refuse  he  used  could  not 
be  bought  in  England  for  17s.  a  ton.  At  £2  a  ton  however  the  fuel 
might  be  utilized  more  economically.  It  had  been  found  that 
hydrogen,  which  could  be  cheaply  made  for  the  purpose,  could  be 
added  to  the  evaporated  oil  to  the  extent  of  four  volumes  of  hydrogen 
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for  fuel,  and  two  volumes  of  Lydrogen  for  illuminating  gas.  From 
the  paper  he  inferred  that  the  author  was  using  about  one  volume  of 
steam  to  one  volume  of  evaporated  oil,  although  this  was  not  so 
stated.  If  four  volumes  of  steam  were  used  instead,  the  economy  of 
the  process  he  considered  would  be  increased.  That  the  author  had 
not  arrived  at  perfection  seemed  to  be  shown  by  the  wording  in 
page  45,  where  it  was  stated  that  "  the  large  extent  of  the  fire-brick 
lining  tends  to  ensure  the  complete  combustion  of  the  liquid  fuel ; " 
this  rather  qualified  mode  of  expression  seemed  to  imply  that  the 
complete  combustion  was  not  absolutely  ensured.  As  to  the 
objection  which  he  believed  was  sometimes  urged  against  admixture 
of  air  with  the  petroleum  refuse,  that  the  heating  power  would 
thereby  be  impaired,  he  was  glad  to  read  in  page  50  the  great  success 
obtained  by  the  author  in  the  scrap-welding  furnace,  in  which  with 
an  air  blast  a  thorough  mixture  of  air  and  gas  was  produced,  while 
the  proportions  were  so  accurately  regulated  that  a  perfect  white 
welding  heat  was  maintained  in  the  furnace  without  any  smoke  being 
emitted. 

Professor  Kennedy,  Member  of  Council,  pointed  out  that,  while 
the  author  claimed  to  have  got  already  an  evaporative  efficiency  of  as 
much  as  82  per  cent,  out  of  the  petroleum  refuse  used  in  his 
locomotives  (page  49),  the  previous  speaker  seemed  to  suggest  that 
somehow  or  other  hydrogen  was  to  be  got  out  of  the  water  (for 
there  was  no  other  source  from  which  it  could  be  got  in  any  large 
quantity),  and  then  the  evaporation  was  to  be  multiplied  he  did  not 
know  how  many  times.  But  an  evaporative  efficiency  of  82  per  cent. 
left  only  18  per  cent,  to  come  and  go  upon,  and  out  of  that  small 
margin  the  chimney  gases  had  to  be  heated,  and  more  or  less 
waste  in  other  ways  had  to  be  allowed  for  :  so  that,  taking  the 
author's  figures  as  being  honestly  arrived  at,  which  there  was  no 
reason  to  doubt,  there  was  not  a  great  deal  left  to  economise  upon  ; 
the  limit  of  economy  had  already  been  pretty  nearly  reached. 
There  were  few  boilers  working  at  a  better  evaporative  duty  than 
82  per  cent. ;  at  the  same  time  it  was  clear  that  nothing  like  £2  per 
ton  could  be  afforded  here  for  the  fuel,  unless  an  evaporative  duty  of 
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more  than  100  per  cent,  could  be  got  out  of  it.  He  had  checked  the 
figures  in  Table  XVII,  and  they  appeared  as  far  as  he  could  judge  to 
be  correct.  There  was  one  point  however  to  which  he  wished  to 
draw  attention,  because  in  reality  it  appeared  to  make  the  author's 
efficiency  somewhat  higher  than  he  had  taken  credit  for.  From  the 
last  column  of  that  Table  it  appeared  that  under  certain  conditions, 
which  were  no  doubt  correctly  worked  out,  17 '1  lbs.  of  water  were 
evaporated  per  pound  of  petroleum  refuse.  It  was  not  stated  from 
what  temperature,  but  apparently  some  standard  had  been  fixed 
upon ;  and  instead  of  the  17  •  1  lbs.  an  evaporation  of  14  lbs.  was 
obtained,  which  was  82  per  cent,  of  17-1  lbs.  The  petroleum 
refuse  however  contained  11*7  per  cent,  of  hydrogen;  and  he 
presumed  it  had  been  calculated  that  this  was  turned  into  steam 
and  then  the  steam  turned  into  water,  all  the  latent  heat  being 
thus  taken  into  account ;  for  it  was  only  on  the  assumption  of  all 
the  latent  heat  being  utilised  that  the  theoretical  evaporation  of 
17  •!  lbs.  could  be  arrived  at.  That  was  the  way  in  which  the 
theoretical  evaporation  would  naturally  be  got  in  the  calorimeter, 
but  then  the  author  could  not  do  this  in  his  locomotives ;  he  had 
to  send  the  combined  hydrogen  and  oxygen  up  the  chimney 
in  the  form  of  steam,  and  it  was  consequently  impossible  in  a 
locomotive  or  any  other  boiler  to  recover  the  latent  heat  out  of  that 
Bteam.  In  a  boiler  therefore  it  could  not  be  expected  to  get  so  high 
a  theoretical  evaporation  as  17*1  lbs.,  but  really  about  6  per  cent. 
less :  so  that  the  comparative  efficiency  obtained  in  the  author's 
locomotives,  supposing  his  figures  to  be  accurately  arrived  at,  must 
be  more  nearly  87  than  82  per  cent.,  which  was  a  very  remarkable 
result.  He  only  wished  that  a  little  more  detail  could  be  given  of 
the  way  in  which  this  evaporation  was  obtained ;  the  figures  he 
had  not  the  least  doubt  had  been  most  carefully  arrived  at,  and 
possibly  the  author  would  be  able  to  say  what  sort  of  trials  had  been 
made,  whether  long-run  trials  or  trials  of  a  locomotive  when  it  was 
stationary,  or  under  what  circumstances.  It  was  interesting  to  have 
a  case  of  such  extraordinarily  high  efficiency  ;  and  it  would  therefore 
be  very  valuable  to  have  the  details  of  the  method  by  which  the 
figures  were  sot. 
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With  reference  to  the  statement  in  page  52  as  to  the  use  of 
crude  oil  for  lubrication,  it  might  be  interesting  to  mention  that  ho 
remembered  speaking  to  an  engine-driver  on  the  Union  Pacific 
Kailway,  who  told  him  that  at  one  time  for  an  experiment  he  hati 
been  supplied  for  some  weeks  with  nothing  but  crude  oil  which  had 
been  treated  only  by  previous  heating  to  about  200*^.  It  was  from  a 
natural  oil  well  in  Wyoming,  and  he  had  used  it  raw  for  lubrication, 
in  his  cylinders,  as  well  as  for  all  other  purposes.  It  was  thick,  and 
bad  in  colour,  but  was  said  to  be  a  satisfactory  lubricant.  That  was 
a  corroboration  on  a  small  scale  of  the  statement  made  by  the  author. 

Mr.  James  Holden  said  that  at  Stratford  there  were  gasworks 
for  the  production  of  heavy  gas  from  shale  oil  for  lighting  about 
1075  carriages  on  the  Great  Eastern  Eailway.  At  one  time  there  had 
been  a  market  for  the  tar  from  those  works  ;  but  about  three  years  ago 
that  market  failed,  and  the  tar  could  no  longer  be  so  got  rid  of. 
A  great  deal  of  it  had  been  buried,  until  the  ground  had  become  so 
saturated  that  the  tar  got  into  the  drains,  and  comj^laints  were  received 
from  the  surveyor  of  the  borough,  who  seemed  to  think  it  was- 
being  deliberately  turned  into  the  drains ;  and  it  became  a  serious- 
matter  what  was  to  be  done  with  it.  Under  those  circumstances  ho 
had  been  induced,  mainly  on  the  suggestion  of  Mr.  Charles  Henry 
Parkes,  the  chairman  of  the  Great  Eastern  Eailway,  to  make  some 
experiments  with  a  view  of  burning  the  tar ;  and  these  had  turned 
out  so  successfully  that  he  had  since  been  using  not  only  the  tar 
from  the  shale-oil  distillery,  but  also  tar  from  the  Beckton  gasworks 
and  green  oil,  for  firing  boilers  of  various  descriptions  :  namely  two 
Cornish  boilers,  a  small  vertical  boiler,  three  stationary  boilers  of 
the  locomotive  type,  and  also  three  ordinary  locomotives,  one  of 
which  was  doing  regular  shunting  work,  and  anotlier  had  been  working 
daily  for  two  years  past  the  suburban  trains  on  the  Loughton  and 
Enfield  branches,  while  the  third  was  taking  the  express  train  from 
Liverpool  Street  to  Peterborough  and  Doncaster.  So  far  as  the 
locomotives  were  concerned,  it  seemed  to  him  most  undesirable,  at 
any  rate  in  the  experimental  stage,  to  make  any  alteration  whatever  in 
the  fire-box  of  the  engine.     He  was  anxious  to  burn  the  liquid  fuel  if 
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possible  with  the  fire-box  unaltered,  and  so  be  able  to  use  either  coal 
or  liquid  fuel  at  will,  without  any  delay  whatever  in  changing  from  one 
fuel  to  the  other ;  and  in  the  course  of  a  great  number  of  experiments 
which  he  had  made,  some  of  Mr.  Urquhart's  conclusions  had  been 
thoroughly  verified,  as  for  example  the  necessity  for  an  accumulator 
of  heat.      In   his   own   early  experiments   he  had   found  that  the 
effluent  gases  were  passing  off  at  so  high  a  temperature  as  to  warp 
the  smoke-box  and  let  the  air  in  round  the  door.     Having  got  over 
that  objection,  he  was  now  working  with  a  6-inch  blast-pipe  instead 
of  the  4J-inch  blast-pipe  previously  used,  and  with  very  satisfactory 
results,   consuming  from  40   to  80   per  cent,   of  liquid  fuel,   the 
rest  being  solid  fuel.     In  the  plan  adopted  on  the  Great  Eastern 
Eailway  he  was  not  using  liquid  fuel  alone,  but  was  also  keeping  a 
very  thin  fire  of  coal  on  the  bars,  not  more  than  about  three  inches 
thick,  just  as  a  basis  of  combustion,  injecting  the  tar  into  the  fire- 
box  through   two  tubular  stays   by   means    of  the  small   injector 
which  he  exhibited,  and  which  was  shown  in  Figs.  61  to  65,  Plate  22. 
The  engines  used  to  work  at  first  with  a  closed  damper ;    but  in 
consequence  of  the  height  at  which  the  liquid  fuel  was  injected,  namely 
about  28  inches  above  the  fire-bars,  there  was  a  little  tendency  for 
the  solid  fire  to  go  out,  owing  to  the  want  of  a  sufficient  supply 
of  air.     They  therefore  worked  now  with  the  damper  a  little  open, 
but  excluding  the  greater  part  of  the  air  from  the  coal  on  the  grate 
by  covering  the  bars  with  a  layer  of  chalk  or  lime,  which  settled 
down   very  closely  and   prevented  the  coal  from  being  burnt  too 
rapidly.     A  very  small  amount  of  coal  put  on  in  the  morning  would 
last  about  half  the  day.     In  the  stationary  boilers  of  the  locomotive 
type  nothing  was  being  used  as  a  basis  but  chalk  and  a  few  ashes. 
The  results  financially  depended  of  course  entirely  upon  the  relative 
value  of  coal  and  of  the  liquid  fuel.     With  liquid  fuel  at  the  price 
of  one  penny  per  gallon,  which  was  about  what  the  tar  and  the  green 
oil  were  costing,  the  economy  was  sensible  but  small.     He   should 
T)e  happy  to  afford  every  facility  to  any  of  the  Members  interested 
in   the   subject  who  might   desire  to  see  what  was  being  done  at 
Stratford.     The  liquid  fuel  he  was  using  was  no  doubt  much  less 
rich  in  calorific  value  than  the  petroleum  refuse  which  was  being 
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used  so  satisfactorily  by  Mr.  Urquhart.  It  seemed  to  Lim  that  it 
■would  be  very  difficult  to  introduce  into  tliis  country  tlie  metliod 
described  in  the  paper,  inasmuch  as  the  amount  of  petroleum 
refuse  in  the  market  was  so  small  that  if  any  large  number  of 
engines  were  fitted  up  for  burning  it  the  price  would  immediately 
go  up.  It  therefore  seemed  desirable  to  have  command  of  the  two 
markets,  and  to  be  able  to  play  the  coal  off  against  the  liquid  fuel, 
and  the  liquid  fuel  against  the  coal ;  and  this  was  really  the  poiht 
he  had  had  to  keep  in  view.  The  most  perfect  combustion  was 
obtained  without  any  smoke,  with  very  little  noise,  and  without  any 
smell.  There  had  been  a  great  deal  of  difficulty  to  get  over  at  first 
in  regard  to  the  smoke;  but  this  had  ultimately  been  .surmounted. 
With  the  ordinary  injector  the  liquid  fuel  was  admitted  through  the 
annular  nozzle  surrounding  the  central  steam  jet,  while  the  induced 
air  supply  merely  came  in  as  best  it  could  round  the  central  jet  of 
steam  and  liquid  fuel.  He  had  accordingly  introduced  an  entirely 
independent  supply  of  steam  through  the  hollow  ring  E  in  Plate  22, 
from  the  front  face  of  which  issued  through  half  a  dozen  small  holes 
separate  jets  of  steam  converging  towards  the  nozzle  of  the  injector, 
so  that  they  crossed  the  issuing  jet  of  liquid  fuel,  already  partially 
broken  uj)  by  the  bars  in  the  orifice  of  the  nozzle,  and  converted 
it  into  very  fine  spray,  mixed  with  a  large  induced  sujjply  of  air, 
which  could  be  varied  by  the  quantity  of  steam  inducing  it, 
so  as  to  get  the  right  amount  of  air  for  perfect  combustion.  In 
locomotives,  and  in  all  similar  cases  where  it  was  not  necessary  for 
the  injector  to  lift  the  liquid  fuel  from  a  lower  level,  there  was  also 
a  central  jet  of  air  drawn  in  through  the  open  orifice  at  the  back 
end ;  and  the  same  aperture  afiorded  a  free  passage  through  the 
injector  for  clearing  away  any  temporary  obstructions  without 
having  to  shut  off  either  steam  or  fuel. 

The  Chairman  asked  whether  there  was  any  choking  up  of  the 
orifice  of  the  nozzle. 

Mr.  HoLDEN  replied  that  there  was  no  difficulty  in  that  respect ; 
the  steam  blowing  through  the  nozzle  kept  it  always  clean.     There 
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svas  no  deposit  of  soot  on  the  inside  of  the  fire-box ;  the  brick  arch 
used  in  the  fire-box  was  exactly  the  same  as  in  an  ordinary  coal- 
burning  locomotive ;  and  neither  in  the  tubes  nor  in  the  fire-box  was 
there  any  apparent  deterioration  of  the  material  or  any  deposit. 

The  same  method  of  utilising  liquid  fuel  was  also  being 
employed  at  Stratford  for  a  scrap-welding  furnace,  out  of  which  he 
was  thereby  getting  25  per  cent,  additional  heats.  In  this  case  the 
liquid  fuel  was  being  used  as  an  auxiliary  to  ordinary  coal ;  it  was 
blown  in  by  steam  through  the  body  of  the  injector,  and  currents  of 
air  were  induced  by  means  of  other  jets  of  steam  issuing  from  the 
ring  round  the  outside  of  the  injector.  No  difficulty  was  found  in 
producing  a  welding  heat ;  in  fact  it  was  produced  more  quickly  by 
the  action  of  the  injector.  The  liquid  fuel  was  also  being  used 
in  a  riveting  furnace ;  and  he  was  arranging  to  apply  it  to  a 
regenerative  furnace  which  had  hitherto  been  worked  from  gas 
producers  of  the  ordinary  kind. 

The  Chairman  asked  whether  the  quality  of  the  iron  from  the 
scrap-welding  furnace  had  been  improved  in  consequence  of  the 
liquid  fuel  being  free  from  sulphur. 

Mr.  HoLDEN  replied  that  he  thought  so. 

Mr.  Thomas  W.  Worsdell,  Member  of  Council,  had  had  no 
experience  in  the  burning  of  petroleum  in  the  locomotive  or  any 
other  boiler;  but  he  had  had  a  very  short  experience  in  America  of 
a  somewhat  similar  plan  to  that  referred  to  by  the  author  in 
l^age  49,  namely  making  petroleum  into  crude  gas  before  burning  it 
in  the  fire-box  of  an  engine.  He  had  used  the  ordinary  fire-box  then 
existing,  without  any  special  preparation  except  the  addition  of  jets 
or  burners.  The  experiment  however  had  not  been  carried  on  long 
enough  to  arrive  at  any  further  result  than  merely  rimning  an 
engine  and  tender  without  a  train  about  12  miles  up  an  incline 
of  1  in  50  on  the  Pennsylvania  Eailroad,  in  the  winter  of  1869- 
1870  ;  he  left  that  railway  just  about  the  time  when  the  experiment 
was  laid  aside  for  further  consideration,  and  he  did  not  believe  it 
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liacl  been  furtber  prosecuted  in  that  form.  There  was  no  doubt  at 
all  that  the  method  shown  by  the  author  of  having  a  heavy  fire-brick 
lining  to  the  fire-box  or  combustion  chamber  was  an  important  and 
necessary  provision  for  retaining  the  heat  and  causing  its  diffusion 
when  using  a  liquid  fuel.  Judging  from  the  ordinary  experience 
with  the  burning  of  oil,  there  was  one  question  that  occurred  to 
himself  and  was  likely  to  occur  to  many  others :  namely,  why  in  the 
author's  modified  Verderber  furnace,  Plates  11  and  12,  he  had  not 
made  use  of  the  heating  surface  of  the  fire-box  in  a  better  way  than  he 
appeared  to  have  done.  The  back  plate  seemed  to  be  lined  with  brick 
right  up  to  the  top,  without  any  water  space,  and  there  seemed  also 
to  be  no  water  casing  round  the  sides.  It  appeared  to  him  that  a  good 
deal  of  useful  heat  must  consequently  go  through  the  sides  and  back 
of  the  fire-box  and  be  lost.  He  had  been  struck  with  the  peculiar 
form  of  the  fire-box,  believing  thoroughly  in  the  necessity  for  the 
brick  lining,  but  still  believing  that  the  boiler  would  be  improved 
by  a  water  space  round  the  whole  of  the  lining. 

Nothing  was  said  in  the  paper  about  the  flashing  point  of  the  oil, 
which  had  not  always  the  same  flashing  point.  It  occurred  to 
him  that  carrying  a  large  tank  of  petroleum  on  the  tender  in  such 
immediate  proximity  to  a  very  hot  fire  might  be  likely  to  cause 
a  liability  to  explosion.  English  engineers  he  thought  would  be  a 
long  time  in  making  up  their  minds  that  petroleum  could  be  carried 
safely  in  the  manner  shown  by  the  author. 

The  consumjition  of  jietroleum  was  stated  to  be  about  half  that  of 
coal ;  and  the  price  of  the  latter  might  be  inferred  from  Tables 
XI  and  XII  to  have  been  about  26s.  per  ton  in  1882,  If  the 
efficiency  of  petroleum  was  double  that  of  coal  in  Eussia,  it 
might  be  taken  to  be  also  about  double  if  used  in  this  country  ; 
but  if,  as  a  previous  speaker  had  said,  petroleum  could  not  be  got 
here  imder  £2  a  ton,  it  would  be  a  long  time  he  thought  before  it 
would  be  possible  to  use  it  here  with  any  chance  of  an  economical 
result ;  for  on  his  own  railway,  the  North  Eastei-n,  coal  was  6s,  Gd. 
per  ton,  and  the  equivalent  to  petroleum  would  therefore  be  only 
13s.  according  to  the  author,  as  against  40s.  the  cost  just  stated  of 
petroleiim.     Steamboats  however,  requiring  all  the  cargo  capacity 
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they  could  get,  and  saving  fuel  as  mucli  as  possible  by  increased 
expansion,  presented  the  best  opportunity  be  thought  for  economy  by 
the  use  of  petroleum,  if  it  were  considered  suitable  in  other  respects, 
including  safety,  which  was  one  of  the  most  imj)ortant  points 
that  had  prevented  its  more  extensive  use. 

Mr.  W.  Silver  Hall  enquired  respecting  Professor  Petroff's 
method  of  testing  oil,  how  far  it  was  really  a  fair  guide  as  to  the 
value  of  oil  for  lubricating  purposes ;  and  he  suggested  that  it  would 
be  a  simple  thing  for  the  Friction  Committee  to  try  one  or  two  easy 
tests  in  that  way  with  any  oils  they  happened  to  be  using,  so  as 
to  ascertain  how  far  the  results  corresponded  with  those  obtained  in. 
the  ordinary  tests.  With  reference  to  Mr.  Worsdell's  suggestion 
as  to  the  use  of  petroleum  fuel  on  steamers,  it  appeared  to  him  that 
any  of  the  steamers  running  from  the  Black  Sea  would  be  the  best 
for  trying  the  experiment,  because  they  could  get  the  petroleum  on 
the  spot  as  cheap  as  possible. 

The  Chairman  pointed  out  that  the  burning  of  petroleum  or  of 
coal  was  a  question  mainly  of  cost.  In  Eussia  coal  might  be  dear 
and  petroleum  cheap;  while  in  England  coal  might  be  cheap  and 
petroleum  dear.  It  was  stated  in  the  jjaper  (page  39)  that  the  price 
of  the  petroleum  fuel  had  fallen  to  13s.  7d.  per  ton,  and  that  one  ton 
of  petroleum  could  do  what  it  took  two  tons  of  coal  to  do.  That 
gave  practically  6s.  O^cL  per  ton  as  the  equivalent  price  for  the  coal 
to  do  the  same  work  at  the  same  cost.  In  this  country  coal  could  be 
bought  in  some  cases  at  rather  less  than  that  price;  and  the 
consequence  would  be  that,  if  petroleum  could  be  got  here  for 
13s.  7d.  per  ton,  there  would  be  a  hard  struggle  as  to  which  should 
win  the  day.  In  America  petroleum  was  being  used  very  largely ; 
he  had  seen  it  in  use  in  a  great  many  furnaces,  and  one  great 
advantage  connected  with  its  use  was  that  there  was  no  smoke.  The 
author  had  stated  (page  49)  that  the  right  thing  to  do  was  to  make 
the  liquid  fuel  into  crude  gas  and  work  it  on  the  regenerative 
process.  This  plan  had  been  taken  up  largely  in  America  at  some 
of  the  steel-works.     All  over  the  world  the  use  of  petroleum  fuel 
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was  being  tliorougbly  discussed  and  tried,  witli  the  exception  that 
very  little  had  yet  been  done  with  it  in  connection  with  marine 
engines.  Having  asked  various  marine  engineers  why  this  was  so, 
he  had  always  received  the  answer  that  it  was  all  very  well  to  use 
2;)ctroleum  fuel  for  a  locomotive  or  stationary  boiler,  where  it  bad 
only  to  be  used  for  a  few  hours  at  a  time,  and  where  there  was  then 
a  chance  of  putting  things  right  in  the  intervals,  but  that  this  was 
very  difterent  from  running  three  or  four  or  five  weeks  continuously 
without  being  able  to  do  anything  to  the  furnace.  The  Admiralty 
he  knew  were  looking  carefully  into  all  the  experiments  that  had 
been  taking  place,  and  would  be  delighted  if  they  could  use 
l^etroleum  fuel  for  their  boilers,  because  it  would  remove  a  great 
many  difficulties.  The  chief  hindrance  at  present  was  the  fear  that 
they  could  not  do  with  petroleum  in  a  long  voyage  of  five  or  six 
weeks  what  could  be  done  with  it  in  locomotives  running  only  a  few 
hours  at  a  time. 

Mr.  Daniel  Adamson',  Vice-President,  regarded  this  question  as 
both  a  commercial,  a  scientific,  and  a  practical  one,  which  ought  to 
be  thoroughly  investigated ;  and  he  therefore  recommended  that  the 
discussion  should  be  adjourned,  in  order  to  afibrd  the  Members  an 
oj)portumty  of  further  considering  this  important  subject. 

The  Chairman  took  the  opinion  of  the  meeting,  which  was  in 
favour  of  closing  the  discussion.  He  accordingly  proposed  a  vote  of 
thanks  to  Mr,  Urquhart  for  the  trouble  he  had  taken  in  preparing 
this  further  paper  and  presenting  it  to  the  Institution.  The 
Members  he  was  sure  would  all  wish  him  success  in  his  experiments, 
and  would  be  glad  to  welcome  another  paper  from  him  at  a  future 
meeting. 


Mr.  Uequhakt  wrote  that,  as  the  Hon.  R.  B.  Avery's  inventions 
were   stated   by   Mr.  Kimber   (page  65)   to   be   now  undergoing  a 
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practical  test  by  Messrs.  Diibs  and  Co.,  it  was  to  be  hoped  that  at  an 
early  date  the  results  would  be  made  known  to  the  engineering 
profession,  with  a  full  description  of  the  appliances. 

The  enquiry  (page  66)  as  to  how,  if  petroleum  refuse  costs  17s. 
a  ton  at  Tsaritsin,  it  can  be  of  any  practical  use  to  engineers  in 
London,  is  met  by  the  consideration  that  the  use  of  petroleum  as 
fuel  is  a  subject  of  which  the  interest  is  not  limited  to  London,  but 
concerns  the  British  possessions  and  other  countries  in  many  parts  of 
the  world,  and  may  therefore  well  receive  the  careful  attention  of 
mechanical  engineers  generally.  On  the  completion  of  the  projected 
pipe  line  between  the  Caspian  and  Black  Seas,  as  well  as  of  the 
smaller  pipe  line  of  about  50  miles  over  the  Suram  summit,  both  of 
which  promise  to  be  accomplished  at  no  very  distant  date,  no  doubt 
Eussian  petroleum  and  its  various  products  will  then  become  more 
plentiful  in  southern  and  western  Europe,  and  consequently  cheaper  ; 
even  under  these  circumstances  however  the  author  is  not  sanguine 
of  petroleum  being  generally  used  for  fuel,  and  is  of  opinion  that  its 
use  will  be  limited  to  special  purposes.  In  Russia  it  certainly  pays 
the  railways  and  steamboat  companies,  as  well  as  the  manufacturers, 
to  use  petroleum  refuse  even  at  50s.  per  ton,  for  this  price  is  simply 
equivalent  to  about  25s.  per  ton  for  coal ;  whereas  in  the  Moscow 
district  at  the  present  time  coal  costs  22  copecks  per  pood,  or  over 
27s.  per  ton. 

As  to  the  remark  (pages  66-7)  that  the  method  adopted  by  the 
author  for  utilising  liquid  fuel  seems  really  an  expensive  way,  and 
one  w^hich  no  English  or  American  engineer  would  adopt,  it  is  to  be 
regretted  that  hitherto  so  few  English  engineers  have  had  experience 
with  liquid  fuel,  while  in  America  there  have  been  many  futile 
attempts  to  solve  the  problem ;  and  it  is  only  very  recently  that 
real  progress  has  been  made,  owing  to  the  publication  of  the  previous 
paper  and  discussion  in  the  Proceedings  of  this  Institution  in  1884. 
The  method  described  in  that  pajier  is  now  being  rapidly  developed 
and  applied  to  locomotives  as  well  as  other  industrial  purposes  in 
the  United  States,  wherever  the  price  of  petroleum  admits  of  its 
use  with  a  reasonable  margin  of  economy  as  compared  with  the  local 
price  of  coal. 
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Exception   is   takcu  iu  page  G7  to  tlie  view  expressed  by  the 
author  that  tlic  ouly  way  of  increasing  tlio  efficiency  of  liquid  fuel 
above  what  has  been  already  attained  would  be  to  make  it  into  crude 
gas  and  work  it  on  the   regenerative  principle.     There  are  many 
boilers  now  fired  by  gas,  although  not  on  the  regenerative  principle  ; 
and  the  author's  remark  had  more  immediately  in  view  metallurgical 
furnaces.     Even  in  these  however  it  is  not  absolutely  necessary  to 
■work  the  liquid  fuel  on  the  regenerative  principle,  as  is  fully  shown 
hj  experience  in  the  welding  of  scrap  in  reverberatory  furnaces  at 
Borisoglebsk,  as  illustrated  in   the  paper  (page  49),  although  no 
doubt  the  regenerative  system  would  give  a  higher  efficiency.     On 
this  point  the  author  is  quite  ready  to  modify  his  views,  as  soon  as 
ever  adequate  proof  is  forthcoming  as  to  the  superior  efficacy  of  the 
new  principle  mentioned  by  Mr.  Kimber  as  now  being  worked  out  iu 
Scotland  and  America.     With  regard  to  the  expression  iu  page  45 
that  the  large  extent  of  the  fire-brick  lining  tends  to  ensure  the 
complete  combustion  of  the  liquid  fuel,   what  the  author  desires 
thereby  to  convey  is  that  the  whole  surface  of  the  brickwork  is 
maintained  at  a  white  heat,  and  the  gases  and  air  must  of  necessity 
come  in  contact  with  it ;  and  therefore,  instead  of  going  off  partially 
unconsumed  as  they  would  do  without  the  hot  brickwork,  they  are 
perfectly  burnt  up  owing  to  the  high  temperature,  while  at  the  same 
time  it  is  possible  that  more  oxygen  thus  combines  with  the  fuel  than 
\Yould  be  the  case  if  no  brickwork  were  iised.     The  combustion  is 
really  perfect,  and  entirely  free  from  smoke ;  and  the  whole  fire  is  as 
much   under   the   complete   control   of    the   driver  or   stoker  as  a 
domestic  gas  jet.     While  it  is  to  be  inferred  that  the  new  system 
mentioned   in   page  67   is   at  present   simply  in  process  of  being 
worked  out  in  Scotland  and  America,  the  mode  described  in  the 
paper  of  utilising  liquid  fuel  has  already  been  iu  regular  use  on  the 
Grazi  and  Tsaritsin  Eailway  for  six  years;  and  is  being  rapidly 
developed  on  other  railways  in  Eussia  and  in  other  countries,  and  is 
giving  universal  satisfaction.    At  present  therefore  in  this  connection 
the  old  maxim  may  be  considered  to  hold  good,  that  an  ounce  of  fact 
is  better  than  a  ton  of  conjecture. 
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Attention  lias  been  drawn  by  Professoi*  Kennedy  (page  G8)  to  tlie 
evaporative  efficiency  attained  of  82  per  cent.,  wbicb  is  indeed  a  liigli 
efficiency  and  may  be  looked  upon  as  exceptional,  at  least  in 
locomotive  practice,  though  still  not  beyond  the  limits  of  possibility. 
The  evaporation  of  12 j  lbs.  of  water  per  lb.  of  petroleum  refuse, 
mentioned  in  the  former  pajper  in  1884  (page  274),  was  obtained  with 
iron  boiler  tubes,  and  may  be  taken  as  the  ordinary  j^ractice  in 
locomotives.  In  the  same  year  the  author  had  the  pleasure  of 
witnessing  at  Hubner's  print  works  near  Moscow  a  trial  made  with  a 
stationary  boiler  of  locomotive  type,  well  clad  and  inside  a  warm 
boiler-house  and  having  a  natural  chimney  draught,  from  which  was 
obtained  an  evaporation  of  13^  lbs.  of  water  per  lb.  of  petroleum. 
The  maximum  evaj)orative  duty  of  14  lbs.,  mentioned  in  page  49  of 
the  present  paper,  was  obtained  in  the  actual  working  of  a  six-wheel 
coupled  goods  locomotive,  having  a  new  set  of  solid-drawn  copper 
tubes,  as  mentioned  in  the  same  page ;  the  thickness  of  the  tubes 
did  not  exceed  2  millimetres  (0*079  inch),  and  probably  many  of 
them  were  thinner.  During  a  run  of  about  200  miles  in  summer 
with  a  train,  the  whole  weight  of  water  fed  out  of  the  tender  tank 
at  a  temperature  of  about  59^  Fahr.  was  calculated  exactly,  and  the 
overflow  from  the  injectors  was  deducted.  The  weight  of  fuel 
consumed  was  also  calculated  exactly,  the  fire  being  carefully 
managed  during  the  trial,  so  that  neither  fuel  nor  air  was  admitted 
in  excess  beyond  what  was  absolutely  necessary  for  maintaining  the 
regular  supply  of  steam  in  the  boiler  and  enabling  the  train  to  keep 
up  to  time  in  the  journey.  The  practical  evaporation  thus  actually 
obtained,  of  14  lbs.  of  water  per  lb.  of  petroleum  refuse,  the  author 
has  not  the  least  doubt  can  always  be  realised  under  careful 
management  with  a  perfectly  clean  boiler  and  copper  tubes.  Such 
tubes  however  are  very  expensive  in  the  first  instance,  and  are  also 
more  liable  to  leak  than  iron  tubes  ;  so  that  their  higher  evaporative 
efficiency  is  not  sufficient  to  recoup  their  extra  first  cost  along  with 
the  extra  cost  of  maintenance  ;  and  therefore  only  a  few  sets  had 
been  ordered  by  way  of  experiment,  which  will  not  be  repeated. 
Now  that  so  high  an  efficiency  as  82  per  cent,  has  been  actually 
realised,  in  spite  of  the  loss  of  heat  in  the  gases  escaping  up  the 
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cliimncy,  as  well  as  other  incidental  losses  in  practice,  the  subject 
can  scarcely  be  regarded  as  being  any  longer  in  the  merely 
experimental  stage  ;  and  although  this  high  result  has  at  present 
been  got  at  a  considerable  cost  for  copper  tubes,  yet  possibly  some 
new  construction  of  boiler  may  hereafter  bo  devised  which  will  give 
a  still  higher  boiler  efficiency. 

In  regard  to  the  theoretical  evaporation  given  in  the  two  last 
columns  of  Table  XVII,  it  may  be  explained  that  the  evaporation  of 
20-5  lbs.  of  water  from  and  at  212^  Fahr.  by  1  lb.  of  petroleum 
refuse  is  supposed  to  take  place  at  atmospheric  pressure  or  in  an 
open  boiler,  and  then  only  on  the  condition  that  before  entering  the 
boiler  the  feed- water  has  already  been  heated  up  to  212^  by  some 
other  heat  than  that  of  the  fuel  used  to  evaporate  it.  On  the  other 
hand  the  17  "1  lbs.  theoretically  evaporated  at  8^  atmospheres 
effective  pressure,  or  9^  atmospheres  absolute,  has  been  arrived  at  by 
the  author  on  the  supposition  that  the  feed  enters  the  boiler  at  what 
was  about  its  average  temperature  in  the  run  above  mentioned,  or 
from  59°  to  GO^  Fahr.  The  total  heating  power  of  petroleum  refuse, 
according  to  Messrs.  Favre  and  Silbermann,  is  19,832  thermal  units, 
as  given  in  Table  XVII ;  while  the  heat  required  to  evaporate  water 
from  59°  under  8^  atmospheres  effective  pressure  is  1,162  thermal 
units.  Hence  19, 832  4-  1,162  =  17-1  lbs.  of  water  is  the  theoretical 
evaporation  under  these  conditions  by  1  lb.  of  petroleum  refuse. 
In  relation  therefore  to  this  figure  the  above  evaporation  of 
14  lbs.,  obtained  in  actual  practice  with  the  same  cold  feed-water, 
amounts  to  82  per  cent.  In  connection  with  this  part  of  the  subject 
the  author  has  worked  out  in  the  accompanying  Table  XVIII  the 
theoretical  evaporative  value  of  petroleum  refuse  at  various  boiler 
pressui-es  and  from  various  temperatures  of  feed-water. 

Although  the  complete  process  of  burning  liquid  fuel  has  not 
been  adopted  by  Mr.  Holden  for  the  locomotives  on  the  Great 
Eastern  Railway,  the  author  is  glad  to  notice  that  he  is  nevertheless 
carrying  out  a  compromise  (page  71),  such  as  may  prove  to  be 
profitable  to  many  English  railways  having  a  waste  hydro-carbon 
product  for  which  there  is  little  or  no  market.  From  burning  the 
liquid  fuel  along  with  coal   some  economy  must  ensue,  while   the 
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(Mr.  UiNiuhart.) 

engine  is  still  left  ready  to  burn  coal  alone  at  any  time.  In  1874  the 
author  made  a  similar  trial  on  the  Grazi  and  Tsaritsin  Tlailway,  but 
■\vitliont  a  brick  arch,  burning  petroleum  refuse  along  Avith  anthracite. 
With  the  oil  the  fire-box  uas  full  of  flame  ;  but  without  it  the 
fire  of  burning  anthracite  resembled  a  coke  fire,  giving  a  high 
concentrated  heat.  The  experiments  however  were  not  of  sufficient 
duration  for  any  definite  conclusions  to  be  drawn  from  them : 
besides  which  the  cost  of  petroleum  refuse  at  that  time  was  about 
five  times  greater  tlian  it  is  now.  In  place  of  the  tno  spray 
injectors  adopted  by  Mr.  Holden  (page  71),  it  appears  to  the  author 
that  one  alone  would  suffice,  and  that  there  must  be  a  considerable 
expenditure  of  steam  in  using  two  injectors,  each  with  an  extra 
quantity  of  steam  issuing  through  the  hollow  ring  E  in  Plate  22  for 
inducing  a  larger  air  suj^ply.  In  the  employment  of  the  liquid  fuel 
for  a  scrap-welding  furnace  at  Stratford  (page  73),  it  is  mentioned 
that  steam  is  used  for  blowing  the  sjiray  into  the  furnace ;  and  in  the 
author's  experiments  he  was  not  able  to  get  a  welding  heat  when 
using  steam  for  the  purpose.  It  will  be  very  interesting  to  know 
the  results  obtained  in  the  application  of  the  plan  to  a  regenerative 
furnace,  to  which  Mr.  Holden  mentions  (page  73)  that  he  is  now 
arranging  to  apply  it. 

In  reference  to  Mr.  Worsdell's  remark  (page  74)  about  the 
Verderber  fire-box,  it  may  be  mentioned  that  the  jjlan  as  originally 
introduced  was  intended  by  Mr.  Verderber  to  do  away  with  the 
narrow  water-spaces  surrounding  the  fire-box,  because  these  on  the 
Hungarian  railways  soon  got  choked  up  with  deposit.  Moreover 
such  an  arrangement  completely  dis2)enses  with  the  copper  fire-box, 
which  is  costly  not  only  as  metal  but  also  from  the  labour  involved 
in  making  it.  The  only  conclusions  in  favour  of  the  Verderber 
furnace  which  the  author  can  deduce  from  over  three  years' 
experience  of  the  two  locomotives  fitted  with  these  fire-boxes  by  way 
of  experiment,  as  described  in  the  jjaper,  are  that  the  first  cost  of  a 
copper  fire-box  is  almost  completely  obviated  ;  while  the  cost  of 
maintenance  is  less,  and  the  loss  of  time  from  the  engine  standing 
in  the  shops  for  repair  is  less  than  half  what  it  would  be  in  the  case 
of  an  ordinary  fire-box.     As  to  economy  of  fuel,  although  the  first 
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comparative  trials,  as  mentioned  in  page  4G,  sliowed  results  in 
favour  of  the  Verderber  furnace,  yet  the  subsec[uent  experience  of  a 
whole  year's  comparative  trial  shows  only  a  very  small  economy  in 
its  favour  ;  and  practically  it  may  be  stated  that  the  consumption  of 
fuel  in  these  two  engines  with  the  modified  Verderber  furnace  is  the 
same  as  in  the  locomotives  with  ordinary  fire-boxes. 

The  flashing  point  of  petroleum  refuse  (page  74)  is  about 
212''  Fahr. ;  and  on  steamships  the  Eussian  government  prescribes 
that  no  liquid  fuel  shall  be  used  having  a  flashing  point  lower  than 
126^  Fahr.  As  to  the  seeming  danger  of  such  a  large  quantity  of 
liquid  fuel  being  in  close  proximity  to  the  furnace  of  the  locomotive, 
no  accident  from  this  cause  has  yet  taken  place  on  the  Grazi  and 
Tsaritsin  Eailway.  In  this  connection  reference  may  be  made  to 
the  accident  mentioned  in  the  author's  former  paj)er,  Proceedings 
1884  page  289,  where  a  locomotive  fired  with  petroleum  ran  down 
the  side  of  a  ravine,  taking  a  carriage  after  it,  and  not  even 
under  these  trying  circumstances  did  any  conflagration  take  place. 
Strict  rules  embodying  projier  precautions  are  drawn  uj),  and  no 
casualties  can  take  place  so  long  as  these  are  adhered  to.  For 
instance,  no  naked  light  is  allowed  to  be  taken  into  an  emj^ty  or 
partially  empty  petroleum  tank ;  and  for  such  purposes  Davy  safety 
lamps  are  invariably  used. 

The  price  of  coal  (page  74)  remains  the  same  as  stated  in  the 
author's  former  paper,  namely  about  27s.  per  ton. 

Many  if  not  all  of  the  steamers  running  from  the  Black  Sea 
(page  75),  and  carrying  petroleum  in  bulk,  the  author  believes  are 
already  fitted  with  aj)pliances  for  burning  liquid  fuel. 

The  use  of  petroleum  in  any  part  of  the  world  is  no  longer  an 
experimental  problem,  but  simply  a  question  of  relative  cost,  as 
pointed  out  by  Mr.  Carbutt  (page  75).  The  best  examples  of  its 
use  in  steamboats  are  the  steamers  on  tbe  Caspian  Sea  and  on  the 
Volga,  which  in  practice  have  their  fires  burning  from  ten  to  fifteen 
days  at  a  time  without  stopping  :  that  is,  in  the  voyage  from 
Astrakhan  up  to  Nishni  Novgorod,  and  also  from  Astrakhan  round 
the  coast  of  Caucasia  and  the  north  coast  of  Persia,  making  stops  of 
course   in  the  latter  case  at  ports  of   call.      The   author   sees   no 
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practical  obstacles  to  its  use  iu  steamers  on  long  voyages,  so  far  as 
the  working  of  the  plan  is  concerned.  But  of  course  tLe  question 
of  insurance  crops  up,  as  well  as  of  passengers'  safety ;  and  for  these 
two  reasons  alone  it  can  hardly  bo  expected  that  for  ocean-going 
steamers,  carrying  specie,  mails,  and  passengers,  the  owners  will  bo 
willing  to  adopt  the  plan  until  further  experience  has  been  obtained 
as  to  its  safety  on  board  ship. 

In  regard  to  Mr.  Adamson's  remark  (page  76)  that  this  question 
of  liquid  fuel  ought  to  be  thoroughly  investigated,  no  doubt  it  is 
seemingly  in  its  infancy  as  yet,  and  all  facts  that  can  be  collected  of 
an  authentic  character  ought  to  bo  recorded.  There  are  several 
British  possessions  which  may  profit  by  the  use  of  native  petroleum 
wealth  ;  and  it  is  impossible  to  predict  where  petroleum  will  yet  bo 
found  in  copious  quantities. 

For  the  kind  manner  in  which  his  labours  in  this  exceptional 
line  of  engineering  have  been  referred  to  in  the  discussion  the 
author  is  grateful ;  and  any  new  information  or  experience  which  he 
may  obtain  in  connection  with  this  important  subject  he  will  be 
happy,  if  of  sufficient  merit,  to  communicate  to  the  Institution. 


I 


Jan.  188'J.  85 


ON  COMPOUND  LOCOMOTIVES. 


By  Mk.  E.  HERBERT  LAPAGE,  of  London, 
LATE  Locomotive  Supekixtendext,  Argentine  Government  Railway. 


The  Compound  Locomotive  having  already  been  discussed  at 
previous  meetings  of  this  Institution  (Proceedings  1879  page  328, 
1883  page  438,  and  1886  pages  297  and  355),  the  object  of  the 
present  paper  is  to  furnish  an  account  of  some  recent  practice  in 
designing  and  working  Two-Cylinder  Compound  Locomotives. 

Advantages  of  Compounding.  —  It  is  known  that  economy  in 
•working  locomotives  has  resulted  from  expanding  the  steam  in  more 
than  one  cylinder  ;  and  this  appears  to  be  the  only  mode  of  carrying 
expansion  to  its  full  extent  in  a  locomotive.  The  dijBference  of 
temjjerature  between  the  boiler  steam  and  the  exhaust  is  thereby 
distributed  over  two  cylinders,  with  the  important  practical  result 
that  there  is  not  so  much  difference  as  in  the  ordinary  locomotive 
between  the  temperature  at  the  beginning  and  that  at  the  end  of 
the  stroke  in  each  cylinder ;  consequently  there  is  less  initial 
condensation  and  less  re-evaporation  of  condensed  steam,  and  a  more 
uniform  pressure  on  the  pistons  throughout  the  stroke.  For 
instance,  in  an  ordinary  locomotive  working  with  a  pressure  in  the 
cylinders  of  say  163  lbs.  per  square  inch  above  the  atmosphere  the 
temperature  in  the  cylinders  is  continually  varying  between  about 
372°  Fahr.,  the  temperature  of  the  entering  steam,  and  about  220^, 
that  of  the  exhausting  steam ;  the  walls  and  covers  maintain  a  mean 
temj)erature,  and  therefore  a  j)ortion  of  the  fresh  hot  steam  whicli 
enters  the  cylinder  is  first  condensed  on  the  cooler  w'alls  and  covers, 
and  afterwards  when  it  has  cooled  down  to  the  low  temperature  of 
the  exhaust  steam,  say  220°,  it  is  re-evaporated  by  the  hotter  walls 
and  covers.     By  tliis  process  part  of  the  heat  of  the  steam  is  carried 
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tbrougli  tlie  cylinders  witliont  being  utilised,  and  tlio  condensed 
steam,  re-evaj)orated  and  expanded,  goes  ont  of  tlie  cliimuej,  and  its 
power  is  lost.  Tlie  consequent  loss  of  heat  is  nearly  proportionate 
to  the  difterenco  in  temperature,  namely  152^  in  this  case  in  each 
cylinder.  In  a  compound  locomotive  working  at  the  same  pressure 
of  163  lbs.  in  the  small  cylinder,  with  the  temperature  of  372^,  the 
pressure  in  the  receiver  of  the  exhaust  from  the  small  cylinder  will 
be  about  55  lbs.,  and  the  temperature  about  303°  ;  therefore  the 
range  of  temperature  in  the  small  cylinder  is  from  372°  down  to- 
303°,  or  69°,  and  in  the  large  cylinder  from  303°  down  to  about 
220°,  or  83°"  There  will  thus  be  a  proportionately  smaller  loss  of 
heat  in  each  of  the  two  cylinders  of  the  compound  locomotive,  and- 
consequently  more  work  will  be  obtained  from  the  steam ;  any 
condensed  steam  that  may  be  re-evaporated  in  the  small  cylinder  is 
utilised  in  the  large  cylinder,  instead  of  going  directly  up  the 
chimney.  Furtbermore  in  the  compound  engine  the  clearance  space 
between  valve  and  piston  has  to  be  filled  with  boiler  steam  in  one 
cylinder  only  and  not  in  the  two ;  and  by  the  longer  travel  of  the 
slide-valve  in  the  compound  engine  the  steam  is  not  so  much 
throttled  and  wire-drawn.  Owing  to  the  more  constant  and  even 
pressure  with  the  compound,  the  blows  on  the  crank  are  not  so  sharp. 
The  fact  that  comparatively  little  attention  has  until  recently 
been  paid  to  the  compounding  of  locomotives  appears  to  bo  owing  to 
there  having  hitherto  been  considerable  complication  of  parts,  in 
connection  both  with  obtaining  a  simple  device  for  starting  the 
locomotive,  and  also  with  the  develoj)ment  of  equal  power  in  the 
high  and  low-pressure  cylinders.  These  objections  have  now  been 
overcome  in  what  is  known  as  the  Worsdell  and  v.  Berries  system, 
in  which  the  two-cylinder  compound  locomotive  has  been  broi:ght  tO' 
a  high  pitch  of  efficiency ;  and  from  the  economical  results  shown 
in  the  present  j)aper  the  plan  is  undoubtedly  worthy  of  careful 
consideration. 

Description  of  Compound  Locomotive. — The  locomotive  illustrated 
in  Figs.  1  to  4,  Plates  23  to  25,  is  a  six-wheel-coupled  goods 
engine,  which   was   sent   out   in    1886    to    the    Central   of   Entre- 
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Eios  Government  Eailway  in  the  Argentine  Eepublic,  having 
been  built  by  Messrs.  Dlibs  ami  Co.,  Glasgow.  It  is  one  of  six 
goods  engines  designed  by  the  author;  and  it  was  decided  to 
compound  this  one  engine,  after  investigating  the  excellent 
results  obtained  by  the  Worsdell  and  v.  Borries  plan.  As  shown 
in  Plate  23,  the  engine  has  eight  wheels,  of  which  six  of 
3  ft.  9  ins.  diameter  are  coupled  and  two  are  on  a  leading  pony 
truck ;  the  only  difference  between  this  and  the  five  other  goods 
engines  is  that  it  has  a  low-pressure  cylinder  and  a  combined 
intercepting  and  starting  valve,  while  the  axles,  connecting  and 
coupling  rods,  and  eccentrics,  &c.,  arc  all  duplicates  of  those  in  the 
ordinary  engines. 

Intercepting  and  Starting  Valve. — The  steam  is  taken  through  the 
regulator  in  the  usual  way,  and  conducted  to  the  high-pressure 
cylinder  by  a  single  steam-pipe  A,  Figs.  3  and  4.  The  pipe  C,  conveying 
the  exhaust  steam  from  the  high-pressure  cylinder  to  complete  its 
work  in  the  low-pressure  cylinder,  is  carried  round  the  smoke-box  so 
as  to  form  an  intermediate  receiver  or  reservoir  for  equalising  the 
supply  of  steam  to  the  low-pressure  cylinder.  In  its  course  is 
placed  at  X  the  combined  intercci^ting  and  starting  valve,  the 
construction  of  which  is  shown  in  Figs.  11  to  14,  Plate  20.  In 
regular  running  with  steam  on,  tlic  large  intercepting  valve  V 
stands  full  open,  as  shown  in  Fig.  11,  allowing  a  free  passage  for  the 
exhaust  steam  from  the  high-pressure  cylinder  to  the  valve-chest  of 
the  low-pressure ;  while  at  the  same  time  the  small  starting  valve  S 
on  the  spindle  of  the  intercepting  valve  is  closed.  But  before  the 
regulator  is  oi^ened  for  starting  the  engine,  the  intercej^ting  valve  V 
is  closed  by  the  driver,  Fig.  13,  by  means  of  a  lever  pressing  on  the 
projecting  end  of  the  spindle,  whereby  also  the  starting  valve  S  is 
opened  at  the  same  time.  On  then  opening  the  regulator,  the  boiler 
steam  passing  through  the  small  pipe  B  and  along  narrow  channels 
cut  in  the  valve  spindle  makes  its  way  past  the  starting  valve  S 
direct  to  the  low-pressure  cylinder,  while  at  the  same  time  it  is 
prevented  by  the  closed  intercepting  valve  V  from  passing  backwards 
into  the  exhaust  end  of  the  high-pressure  cylinder.     By  its  passage 
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tbrougli  tlio  small  pipe  B  and  tlie  narrow  cLannels  iu  tlie  valve 
spindle,  the  boiler  steam  is  so  wire-drawn  that  its  pressure  on 
reaching  the  low-pressure  cylinder  is  about  half  of  that  on  the  high- 
pressure  side,  thus  giving  equal  force  to  both  pistons,  the  area  of  the 
larger  cylinder  being  about  double  that  of  the  smaller.  The  boiler 
steam  consequently  acts  simultaneously  upon  both  pistons  at  the 
moment  of  starting,  causing  both  cylinders  to  start  with  their  full 
tractive  power,  as  in  an  ordinary  locomotive,  and  without  back 
pressure  on  the  small  jiiston. 

Immediately  however  that  the  engine  has  started,  and  the 
high-pressure  piston  has  made  its  first  single  stroke,  the  exhaust 
steam  from  the  high-pressure  cylinder,  passing  over  through  the 
intermediate  pipe  C,  comes  in  contact  with  the  closed  intercepting 
valve  V;  and  acting  upon  its  large  area  opens  it  automatically 
against  the  pressure  of  the  wire-drawn  boiler-steam  on  the  other 
side  and  against  the  atmospheric  pressure  acting  on  the  valve 
spindle.  The  same  movement  closes  the  small  starting  valve  S, 
thereby  cutting  oft"  all  further  access  of  boiler  steam  to  the  low- 
pressure  cylinder.  The  engine  then  commences  at  once  to  work  as 
a  compound. 

By  this  simple  arrangement  it  will  be  seen  that  no  steam  can  be 
wasted  by  the  driver,  inasmuch  as  no  exhaust  ever  takes  place  from 
the  high-i)rcssure  cylinder  into  the  atmosphere  ;  and  the  driver  cannot 
interfere  with  the  arrangement,  however  much  he  might  be  tempted 
to  work  the  low-pressure  cylinder  with  direct  boiler  steam, 
instead  of  with  steam  properly  expanded  from  the  high-pressure 
cylinder. 

In  order  still  further  to  facilitate  the  convenience  of  the  driver 
by  sparing  him  the  necessity  of  closing  the  intercepting  valve 
before  opening  the  regulator,  and  also  in  order  to  do  away  with 
packing  rings  or  glands,  the  modified  arrangement  shown  in  Figs.  15 
to  21,  Plate  27,  has  been  devised  for  closing  this  valve  automatically 
by  means  of  the  direct  boiler  steam  admitted  on  opening  the  regulator, 
sa  that  the  closing  of  the  intercepting  valve  cannot  now  be  omitted 
through  any  negligence  on  the  driver's  part ;  it  is  done  for  him,  and 
he  is  thus  obliged  to  use  both  the  cylinders  when  starting,  thereby 
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obviating  any  strain  on  tlae  liigli-pressure  side  of  the  engine,  wliich 
might  be  caused  by  trying  to  start  with  the  high-pressure  cylinder 
alone,  and  which  would  produce  a  jerk  on  the  train.  This 
modification  consists  in  attaching  to  the  back  of  the  intercepting 
valve  V  two  small  rams  EE,  Fig.  16,  which  together  constitute  the 
starting  valve,  and  cover  two  small  j)orts  in  the  casing  surrounding 
the  valve  spindle.  As  soon  as  the  regulator  is  opened  for  starting 
the  engine,  the  boiler  steam  passing  along  the  small  branch  pipe  B 
presses  upon  the  ends  of  these  rams,  and  thereby  closes  the 
intercepting  valve  automatically,  Fig.  18 ;  while  in  the  same 
movement  the  rams  uncover  the  two  small  steam  ports,  through 
which  the  boiler  steam  makes  its  w^ay  direct  to  the  steam-chest  of 
the  low-pressure  cylinder.  On  starting,  the  exhaust  from  the  high- 
pressure  cylinder  fills  the  receiver  with  steam,  and  as  soon  as  the 
pressure  is  sufficient  opens  the  intercepting  valve,  Fig,  16,  against  the 
boiltsr  pressure  acting  on  the  ends  of  the  small  rams  only  and  against 
the  atmospheric  pressure  on  the  end  of  the  valve  spindle  and  against 
the  wire-drawn  steam  on  the  low-pressure  side  of  the  valve.  The 
intercepting  valve  is  kejit  open  by  the  pressure  in  the  receiver, 
against  the  atmospheric  pressure  on  the  end  of  the  valve  sjiindle, 
which  in  this  case  is  more  tlian  double  the  pressure  of  the  boiler 
steam  on  the  two  rams.  The  back  valve-face  prevents  steam  from 
j)assing  out  from  the  receiver  along  the  valve  spindle ;  and  should 
any  slight  leakage  take  place  on  starting,  before  this  valve  is  seated, 
the  steam  so  escaping  is  carried  into  the  smoke-box  by  the  pipe  P. 
The  opening  of  the  intercepting  valve  V  causes  the  two  rams  EE  at 
the  same  time  to  cover  the  two  small  ports.  Fig.  16,  thereby  cutting 
off  the  boiler  steam  from  the  low-pressure  cylinder.  At  D  is  a 
relief  valve  loaded  to  90  lbs.  per  square  inch.  In  practice  it  takes 
only  from  half  to  one  revolution  before  the  exhaust  from  the  high- 
pressure  cylinder  opens  the  intercepting  valve  and  closes  the  starting 
valves.  This  modification,  rendering  both  the  closing  and  the 
opening  of  the  valve  alike  wholly  automatic,  has  already  been  fitted 
to  about  150  engines,  including  those  now  being  built  by  Messrs. 
Beyer  Peacock  and  Co.,  Messrs.  Xeilson  and  Co.,  and  Messrs.  Sharp 
Stewart  and  Co.     It  will  thus  be  seen  that  the  driver  uhen  starting 
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the  engine  has  no  more  liantlles  to  move  tlian  on  the  ordinary 
engine ;  Le  merely  places  the  reversing  lever  in  either  front  or  back 
gear  as  required,  and  opens  the  regulator  in  the  usual  way.  Thus 
all  complication  or  risk  of  mistake  is  avoided. 

Cylinders. — These  arc  placed  outside  the  frames,  according  to 
the  custom  on  the  Argentine  railways,  in  order  to  keep  down  the 
centre  of  gravity,  in  view  chiefly  of  the  liability  otherwise  involved 
of  the  engine  turning  over  when  throwing  cattle  off  the  line,  should 
they  get  underneath  the  engine.  The  outside  cylinders  also  enable 
the  crank  axle  to  be  dispensed  with,  which  is  an  advantage  in  a 
country  far  away  from  the  maker.  The  high-pressure  cylinder  is 
IG  inches  diameter,  and  the  low-pressure  23  inches,  which  gives 
a  ratio  of  1  to  2  •  1 ;  the  stroke  is  24  inches.  These  proportions  have 
proved  in  practice  to  be  very  efficient. 

Slide-Valves  and  Valve-motion. — The  valve  gear,  shown  in  Figs.  22 
to  25,  Plate  28,  consists  of  the  usual  Stephenson  link-motion,  with  a 
simple  device  for  effecting  a  very  advantageous  distribution  of  steam 
for  the  compound  locomotive.  By  a  slight  difference  in  the  length 
of  the  lifting  links  or  in  the  position  or  angle  of  the  levers  on  the 
reversing  shaft,  the  cut-off"  in  the  high-pressure  cylinder  is  kept  at 
an  earlier  point  of  the  stroke  than  in  the  low-j)ressure  cylinder,  when 
running  in  forward  gear:  which  gives  an  ascertained  economy  in 
working,  and  also  equalises  the  amount  of  work  done  in  the  two 
cylinders.  In  other  respects  the  valve  gear  is  not  in  any  way 
diff"erent  from  that  on  other  goods  engines  for  this  railway.  When 
working  in  back  gear  with  this  arrangement,  the  differential  relative 
expansion  obtained  in  the  forward  gear  is  reversed,  the  cut-off  taking 
place  earlier  in  the  low-pressure  than  in  the  high-pressure  cylinder ; 
and  therefore  the  sector  of  the  reversing  lever  is  fitted  with  only 
a  single  notch  for  full  gear  when  running  backward.  This  is  of 
little  consequence  for  engines  running  chiefly  forward ;  and  it  is 
better  to  take  advantage  of  this  simple  contrivance  for  forward  gear, 
without  complicating  it  by  any  sui^plementary  arrangement  for 
obtaining    equal   cut-off"  in  both  cylinders  in  the  back  gear.     On 
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engines  running  as  niucli  in  one  clirection  as  the  other  the 
(litFerential  cut-off  is  apj)lied  to  both  forward  and  back  gear,  ancTl 
is  controlled  also  by  one  reversing  lever ;  tbe  arrangement  may  be 
applied  to  any  class  of  valve  gear,  and  its  effect  is  illustrated  in 
Table  15  appended,  which  shows  tbe  steam  distribution  in  a  tank 
engine  running  as  much  in  one  direction  as  in  the  other.  For  the 
ordinary  link-motion  the  differential  cut-off  is  effected  by  setting  the 
eccentrics  of  tbe  low-pressure  cylinder  at  suitably  smaller  angles 
of  advance  than  those  of  the  high-pressure ;  and  for  Joy's  gear,  by 
making  the  lever  attached  to  the  low-pressure  valve-spindle  slightly 
shorter  than  that  to  the  high-pressure.  Also  the  lap  of  the  low- 
pressure  valve  must  be  reduced  accordingly,  in  order  to  obtain  the 
proper  lead. 

In  Table  14  appended  are  shown  the  different  relative  degrees  of 
expansion  in  the  high  and  low-pressure  cylinders  of  the  goods 
engine  on  the  Entre-Eios  Eailway,  both  valve-gears  being  controlled 
by  the  same  single  reversing  lever.  For  backward  gear  the  full- 
gear  notch  is  the  only  one  cut  in  the  sector. 

The  priucij)al  dimensions  of  the  two  valve-gears  are  as  follows  : — 

High-pressure.        Low-pressure. 

Cylinder,  diameter  and  stroke    . 

Lengtli  of  connecting-rod 

Throw  of  eccentrics 

Angle  of  advance,  forward  gear 

„       ,,         „  back  ,, 

Travel  of  valve,  full  gear  forward 

,,      „      ,,        ,,      „      oacK 

/  _,  C  forward 

.         p        ,     Front  port  \ 
Opening  ot  ports  j  I  back   . 

in  full  gear        I  (forward 

(Back  port  <, 

Iback  . 

Slip  of  die,  full  gear  forward     . 

„     „    „      „       „     back 

Clearance  of  die,  full  gear  forward     . 

„  „    „       ,,     „      back 

Lap  of  valve   ..... 

Steam-ports,  size  of  each  . 

„         „         area  of  each 

Cut-ofi'  in  forward  gear,  ordinary  rauuiu£ 


.     IG  ins.  X  2i  ins. 

23  ins.  X  24  ins. 

G  feet 

6  feet 

6\  inches 

6\  inches 

4° 

40 

14° 

14° 

3^  inches 

3| inches 

3|2  inches 

3| inches 

f  inch 

11  inch 

5  inch 

1  inch 

li  inch 

1| inch 

li  inch 

11  inch 

f  inch 

^  inch 

5  inch 

1  inch 

1  inch 

§  inch 

I  inch 

f  inch 

1    inch 

1  inch 

.    1\  in.  X  14  ins. 

I'l  in.  X  17  ins. 

17:\  sq.  ins. 

27|  sq.  ins. 

40  per  cent. 

50  per  cent- 
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The  steam-ports  aucl  slide-valves  are  sbowu  iu  Figs.  23  ami  25, 
Plate  28,  autl  Figs.  5  and  G,  Plate  25.  The  low-pressure  steam- 
ports  are  large,  having  each  an  area  of  27  "025  srjuare  inches  against 
a  piston  area  of  415*4:70  square  inches,  or  a  ratio  of  6*05  per  cent. 
The  high-pressure  steam-ports  have  each  an  area  of  17*50  square 
inches  against  a  piston  area  of  201 'OG  square  inches,  or  a  ratio  of 
S  *  7  per  cent. 

Pistons. — The  lo\v-i)ressure  piston  of  23  inches  diameter  is 
constructed  of  wrought  cast-steel  in  order  to  make  it  as  light  as 
possible  fur  so  large  a  piston.  The  high-pressure  piston  of 
IG  inches  diameter  is  made  of  cast-iron  and  of  the  usual  form. 
The  piston-rods  are  arranged  to  work  through  the  front  cylinder- 
covers,  which  is  desirable  when  there  is  room,  iu  order  to  support 
the  weight  of  the  pistons.  For  the  low-pressure  cylinder  this  is 
especially  advisable ;  and  in  the  present  instance  the  high-j)ressure 
cylinder  is  also  treated  in  the  same  way,  so  as  to  be  uniform.  The 
front  rods  work  through  glands  and  hollow  sleeves,  closed  at  their 
extremities  to  protect  them  from  dust,  with  the  exception  of  small 
holes  for  the  air  to  escape. 

Boiler. — The  boiler  is  made  of  best  Yorkshire  iron,  and  is 
double-riveted ;  the  longitudinal  seams  are  butt-jointed  with  cover 
plates  both  inside  and  outside.  The  barrel  is  telescopic  iu  shape, 
"the  smallest  diameter  being  at  the  smoke-box  end,  thus  giving  the 
necessary  drainage  backwards  to  the  blow-oif  cock.  The  front 
ishell-plate  is  secuted  to  the  smoke-box  tube-i)late  by  a  faced 
angle-iron  ring,  bored  out  for  the  reception  of  the  shell-jjlate 
and  riveted  zigzag  to  it.  All  the  rivet  holes  are  accurately 
drilled,  and  the  riveting  is  done  by  hydraulic  pressure.  The  boiler 
is  made  up  of  seven  plates  : — three  for  the  barrel,  one  for  the  sides 
and  top  of  the  fire-box  shell,  one  throat  plate,  one  back  jjlate, 
iind  the  front  tube-plate.  The  dome  consists  of  two  plates,  both 
of  which  are  flanged  and  welded  together  solid ;  and  the  shell  is 
strengthened  internally,  where  cut  out  for  the  manhole  and  dome. 
All   the  j)lates  for  the  boiler  were  carefully  tested,  both  with  and 
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across  tlie  grain,  in  addition  to  the  usual  bending  tests ;  the 
specified  test  for  plates  is  a  tensile  strength  of  22  tons  jicr  S(]^uare 
inch  in  the  direction  of  the  grain,  Avith  a  contraction  of  area  of 
22  per  cent,  at  the  point  of  fracture ;  and  across  the  grain  a 
tensile  strength  of  20  tons,  with  a  contraction  of  15  per  cent. ;  this 
makes  a  splendid  material  for  boilers,  and  the  plates  prove  practically 
to  possess  the  same  strength  both  with  and  across  the  grain.  The 
side  plates  of  the  fire-box  shell  are  lapped  round  the  lower  corner  of 
the  back  and  front  plates,  so  as  to  form  a  double  thickness  for  the 
tapj)ing  of  threads  for  the  mud  plugs.  The  boiler  is  clothed  with 
sheet-iron,  secured  to  a  skeleton  of  angle-iron,  and  made  as  air-tight 
as  possible,  no  wood  lagging  being  iised.  This  air  jacket  is  found 
much  preferable  to  other  methods  ;  for,  when  wood  lagging  or  other 
material  is  used,  it  quickly  decays,  in  the  course  of  about  a  year  or 
two,  and  ceases  to  be  of  much  good. 

Inside  Fire-hoz. — The  inside  fire-box  is  made  of  copper.  Each 
sheet  was  tested,  and  showed  an  average  tensile  strength  of  about 
ll'ol  tons  per  square  inch,  with  a  contraction  of  area  of  about 
46  per  cent,  at  the  point  of  fracture.  The  fire-box  tube-plate  is 
1  inch  thick,  where  drilled  for  the  reception  of  the  tubes,  and  is 
reduced  to  -}  inch  thickness  below  the  tubes ;  the  back  and  top  and 
side  j)lates  are  ^  inch  thick,  and  are  secured  to  the  shell  plates  by 
-;r-inch  copper  stays,  which  have  a  tensile  strength  of  about  17  tons 
-pcv  square  inch  with  a  contraction  of  area  of  43  per  cent.  The 
stays  are  spaced  4  inches  apart,  and  are  tightly  screwed  into  the 
inside  and  outside  fire-box  plates  with  t\\-elve  threads  to  the  inch. 
The  roof  of  the  fire-box  is  stayed  with  corrugated  wroiTght-iron 
bridge-stays  and  susiJension  links.  This  is  considered  by  the  author 
to  be  the,  best  means  of  staying  fire-box  toj)s,  as  it  gives  the  fire-box 
a  longer  life,  owing  to  the  freer  expansion  thus  allowed.  In  some 
engines  built  on  the  Continent,  for  railways  with  which  the  author 
is  connected,  direct  stays  have  been  used ;  but  there  is  no  doubt 
that,  though  these  secure  a  much  better  distribution  of  water 
over  the  fire-box  top  and  allow  of  its  being  more  easily  kejjt  clean, 
yet    unless   very    carefully  arranged    they    are    apt    to   crack   the 
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fire-box  tubc-platc,  owing  to  the  upward  expansion  of  the  copper 
box. 

Tubes. — There  arc  171  brass  tubes,  having  an  outside  diameter  of 
2  inches;  their  thickness  at  the  smoke-box  end  is  13  B.W.G.  or 
0-095  inch,  and  at  the  fire-Lox  end  11  B.W.G.  or  0-l'25  inch. 
They  are  slightly  enlarged  at  the  smoke-box  end,  in  order  to  allow 
of  their  being  M'ithdrawn.  At  the  fire-box  end  they  are  rolled 
and  beaded  over,  and  a  turned  steel  ferrule  is  driven  in  tightly, 
Avhich  assists  in  securing  the  tube  and  also  protects  its  end  from  the 
fiercest  action  of  the  flame.  At  the  smoke-box  end  the  tubes  are 
merely  rolled  in  their  places,  not  beaded,  and  the  ends  are  left 
projecting  ^^^  inch  from  the  tube-plate. 

The  heating  surface  is  912  square  fcct  in  the  tubes,  and  101  in 
the  fire-box,  total  1,010  square  feet;  the  grate  area  is  18  square  feet. 
It  will  thus  be  seen  that  the  boiler  is  of  the  usual  modern  make ; 
and  it  is  built  to  stand  a  working  pressure  of  175  lbs.  per  square 
inch  above  atmosphere.  It  is  somewhat  larger  than  is  customary 
for  cylinders  of  the  same  size  in  this  country,  on  account  of  the 
fire-box  being  here  increased  in  size  for  the  purpose  of  burning 
either  wood  or  coal ;  and  the  author  has  found  that  plenty  of 
steam  room  is  of  great  advantage,  where  bad  water  and  fuel  have  to 
be  contended  with.  The  smoke-box  is  large,  to  allow  for  a  suitable 
spark-arrester  and  dejiosit  for  ashes.  The  cattle-thrower  or  cow- 
catcher is  made  of  wood,  extending  well  out  in  order  to  be  easy  on 
the  cattle ;  the  bufiers  are  hinged  on  the  footplate  out  of  their  way. 
All  sponge-boxes,  both  for  engine  and  tender,  are  arranged  so  as  to 
be  easily  taken  down  and  the  bearings  examined  without  lifting.  The 
motion  is  cased  iu  as  much  as  possible,  to  protect  it  from  the  dust. 

Steam  Pressure. — The  working  pressure  in  the  engine  illustrated 
in  Plate  23  is  175  lbs.  per  square  inch  above  atmosphere.  In 
compound  locomotives  it  is  found  advisable  to  increase  the  pressure 
as  much  as  possible,  because  the  expansion  of  high-pressure  steam 
can  be  more  effectually  carried  out  in  two  cylinders,  and  with 
consequently  greater  economy.     It  is  not  essential  however  to  the 
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compound  system  to  work  at  a  liiglier  pressure  tlian  in  au  ordinary 
engine ;  but  the  economy  resulting  is  somewliat  less  if  a  higher 
pressure  be  not  used.  Thus  by  compounding  existing  engines 
without  increasing  their  pressure  au  economy  of  only  from  10  to  15 
per  cent,  may  be  obtained.  In  Table  3  it  is  seen  that  there  are 
ordinary  engines  working  at  the  same  j)ressure  as  the  compounds  ; 
and  Mr.  v.  Borries  finds  but  little  economy  is  obtained  in  ordinary 
engines  by  using  the  higher  jn-essure. 

Steaming. — It  is  found  that  the  steaming  qualities  of  the 
compound  locomotive  are  very  favourable,  owing  most  probably  to  the 
easy  and  more  even  stream  of  exhaust,  uninterrupted  by  violent 
blasts  or  puffs  as  in  the  ordinary  engine,  which  have  the  effect  of 
pulling  the  fire  about.  Much  fewer  sj)arks  are  thrown  out  from 
the  chimney,  and  as  a  consequence  in  many  cases  the  spark-arrester 
can  be  done  away  with. 

Variahle  Blast-Nozzle. — The  engine  illustrated  is  arranged  to  i:se 
either  the  ordinary  blast-nozzle,  or  a  variable  one  which  is  sometimes 
used  on  the  Argentine  Government  Eailways  when  the  fuel  burnt  is 
wood,  and  when  it  is  not  of  a  reliable  quality.  The  variable  nozzle 
has  no  essential  connection  with  the  compound  locomotive,  and  may 
be  applied  only  when  required,  and  when  the  driver  will  use  it 
judiciously.  The  ordinary  nozzle  is  shown  in  Fig.  3,  Plate  24 ;  it  is 
4^  inches  diameter  or  15  "9  square  inches  area,  and  is  cylindrical 
for  a  length  of  3^  inches  ;  it  is  about  h  inch  larger  in  diameter 
than  that  usually  employed  for  the  ordinary  engine. 

Startintj  Arrangement. — An  intercepting  valve  of  any  shape  may 
be  used  for  the  purpose  of  shutting  off  the  low-pressure  steam-chest 
from  the  high-pressure  exhaust  at  the  moment  of  starting.  A  flap 
or  a  disc  valve  is  generally  employed ;  the  engine  here  referred  to  is 
fitted  with  a  disc  valve,  as  illustrated  with  a  slight  modification  in 
Plate  27.  This  construction  has  the  advantage  that,  in  addition  to 
the  intercepting  valve  being  closed  by  direct  steam  from  the 
regulator,  there  is  only  the  receiver  pressure  on  its  spindle  for  a 
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short  time  TvLilo  it  is  closed  ;  and  -when  it  is  open  its  boss  seats 
itself  against  the  inside  of  the  cover,  and  so  prevents  steam  from 
leaking  along  tlie  spindle  out  into  tLe  atmosphere ;  thus  the  need  of 
packing  rings  on  the  valve  spindle  is  done  away  with.  The  object 
of  this  combination  of  valves  is  to  enable  the  engine  to  start  always 
with  boiler  steam  in  both  cylinders  as  in  an  ordinary  locomotive ; 
it  also  prevents  any  unequal  strain  on  the  machinery  or  the 
couplings  of  vehicles,  and  enables  a  heavy  train  to  be  moved 
easily  and  smoothly  without  any  shock  and  with  full  power  on  both 
pistons,  and  without  any  steam  being  wasted.  This  arrangement  is 
found  to  be  most  advantageous,  as  it  will  be  seen  that  a  compound 
locomotive  may  be  handled  in  the  same  manner  as  an  ordinary 
engine,  when  starting,  shunting,  ballasting,  or  working  trains.  In 
fact  these  comj)ounds  start  more  quickly  than  the  ordinary  engine ; 
and  this  is  especially  advantageous  in  cases  of  emergency,  and 
Avith  tram  engines  Avhich  start  on  any  gradient  quite  easily. 
Immediately  that  the  load  is  moved,  the  engine  by  this  arrangement 
is  automatically  converted  into  a  compound,  in  which  condition 
it  continues  working  until  a  stoppage  is  made  or  the  steam  is 
shut  off.  The  receiver  or  reservoir  should  be  large  enough  to 
contain  about  one  high-23ressure  cylinderful  of  steam  during  the 
short  period  of  the  first  revolution,  when  starting :  that  is,  its 
capacity  should  be  at  least  equal  to  that  of  the  high-pressure 
cylinder.  The  diameter  of  each  of  the  two  starting  valves  E,  Fig.  16, 
Plate  27,  is  •}  inch,  and  their  combined  area  0'613  square  inch, 
while  the  diameter  of  the  spindle  of  the  intercepting  valve  V  is 
2  inches  and  its  area  3*142  square  inches,  which  leaves  ample 
surplus  for  keej^ing  the  intercejiting  valve  ojien  against  the  direct 
boiler  pressure  on  the  rams  ETl ;  or  if  desired,  the  spindle  and  the 
surface  behind  the  intercepting  valve,  where  it  bears  against  the 
casing  at  J,  may  be  made  larger,  for  enabling  the  exhaust  pressure 
on  the  face  of  the  intercepting  valve  more  easily  to  overcome  the 
boiler  pressure  on  the  starting  valves  EE.  When  the  low-pressure 
cylinder  is  large,  it  is  advisable  to  place  a  relief  valve  on  the  low- 
pressure  side  of  the  intercepting  valve,  in  order  to  avoid  any  over- 
pressure and  consequent  straining  of  the  mechanism ;  but  in  practice 
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up  to  cylinders  of  24:  inches  diameter  this  has  not  been  found 
■necessary.  The  low.-pressure  cylinder  mud-cocks  are  also  sometimes 
rfitted  with  a  spring,  as  a  safe-guard  against  over-pressure. 

Trial  Trl_ps. — As  the  compound  goods  engine  illustrated  in 
Plate  23  has  the  ordinary  English  gauge  of  4  ft.  8^  ins.,  Messrs.  Dubs 
kindly  arranged  for  the  engine  to  make  a  trial  trip  on  the  Caledonian 
Eailway.  Accordingly  on  Friday,  20th  August  1886,  the  engine 
was  taken  out  of  the  shops  to  the  Polmadie  running  sheds,  whence  at 
10.30  A.M.  it  started  on  a  trip  of  14  miles  to  Coatbridge,  attached  to 
a  train  of  23  wagons  all  loaded  with  iron  ore,  and  a  brake  van,  the 
igross  load  being  about  300  tons,  inclusive  of  50  tons  for  a  pilot  engine 
and  tender,  running  dead,  which  the  railway  authorities  considered 
it  advisable  to  attach  on  this  first  trip.  The  average  steam  pressure 
in  the  high-pressure  steam-chest  was  163  lbs.  j)er  square  inch,  and 
in  the  low-pressure  steam-chest  55  lbs.  The  speed  was  17  miles  an 
hour.  The  return  journey  was  made  from  Coatbridge  at  noon,  with 
pilot  engine  and  van  only. 

On  the  afternoon  of  the  same  day,  another  trip  was  made  at  2.80 
from  the  Polmadie  sheds,  on  the  Carstairs  route,  when  the  engine 
was  attached  to  45  empty  wagons  and  a  brake  van,  the  gross  load 
Ibeing  about  209  tons.  The  average  steam  pressure  in  the  high- 
,pressure  steam-chest  was  163  lbs.  per  square  inch,  and  in  the 
low-pressure  55  lbs. ;  the  highest  steam-chest  pressures  were  170  lbs. 
:and  70  lbs.  respectively.  The  average  speed  was  about  17  miles  an 
hour.  The  efficiency  of  the  starting  and  intercej)ting  valves  was 
thoroughly  well  proved  ;  the  45  wagons  and  brake  van,  forming  a 
train  of  about  700  feet  in  length,  were  moved  out  of  the  siding  on  a 
stiff  gradient  and  reverse  curve,  without  the  resistance  overcoming 
the  adhesion.     The  return  journey  was  made  with  brake  van  only. 

Another  and  final  trip  was  made  on  the  following  Monday,  23rd 
August  1886,  the  run  being  to  Greenock  and  back  on  the  Caledonian 
line,  a  total  distance  of  45  miles.  The  engine  left  the  Polmadie 
sheds  at  10.30  a.m.,  with  39  loaded  coal  wagons  and  a  brake  van,  the 
gross  load  being  about  418  tons ;  and  returned  from  Greenock  at 
2 .  45  P.M.  tender  foremost,  with  36  loaded  limestone  wagons  and  the 
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brake  van;  the  gross  load  being  about  4.03  tons.  The  boiler 
pressure  was  maintained  with  ease  throughout  the  journey,  and  the 
speed  was  about  30  miles  per  hour.  A  blast  area  of  20  square 
inches  was  fouud  to  be  the  most  economical  opening  of  the  blast 
nozzle.  The  wind  was  calm  and  the  rails  were  dry,  on  both  down 
and  up  journeys.  Owing  to  the  various  stoppages  for  traffic  and 
other  delays  at  stations,  no  accurate  return  of  the  coal  consumption 
can  be  given  on  this  trial,  which  was  practically  made  to  see  that 
the  engine  was  all  right  and  started  properly.  The  steepest 
gradient  is  1  in  102  at  Shields  Bridge.  As  this  trial  was  considered 
most  satisfactory  for  practical  purposes,  it  was  not  deemed  necessary 
to  carry  out  any  further  experiments  for  scientific  results.  The 
engine  started  quite  easily  with  a  very  heavy  load ;  in  fact  it  starts 
with  a  heavier  load  than  an  ordinary  engine  of  the  same  size,  which 
is  accounted  for  by  the  action  of  the  automatic  intercepting  valve. 

As  to  the  commercial  result  of  the  working  of  this  goods  engine 
since  it  was  sent  out,  no  information  has  yet  reached  the  author,  and 
since  its  arrival  it  has  probably  been  used  in  the  construction  of 
the  line,  which  is  a  new  one;  all  that  is  known  is  that  it  is  working 
very  satisfactorily. 

Commercial  advantage  of  Comjpoundlng. — There  are  now  (NovembcT 
1888)  about  360  engines,  including  tram  engines,  on  the  Worsdell 
and  V.  Borries  system,  either  at  work  or  in  construction  or  ordered  j 
the  statement  in  Table  1  appended  shows  where  they  are,  and  gives 
a  description  of  the  class  of  engine.  In  1886  there  were  only 
between  50  and  60  engines  at  work  ;  there  lias  thus  been  an  increase 
of  six  times  in  a  couple  of  years. 

The  economy  in  fuel  over  the  ordinary  engines  ranges  from  14^ 
to  20  per  cent.,  and  in  some  cases  still  more,  as  seen  from  Tables  2, 
8,  9,  and  12. 

In  the  locality  where  the  goods  engine  illustrated  is  working, 
coal  costs  at  least  £2  j)er  ton ;  presuming  an  ordinary  engine  runs 
30,000  miles  in  a  year  at  25  lbs.  per  mile,  which  is  about  the 
consumption  for  such  an  engine,  it  will  have  burnt  335  tons,  which 
at  £2  per  ton  cost  £670  ;  the  compound  effecting  a  saving  of  20  per 


Jax.  188n.  COMPOUND    LOCOMOTIVES.  99 

cent,  will  accordingly  save  £134  in  a  year.  It  is  found  that  a 
compound  locomotive  of  less  weight  can  haul  as  heavy  a  train  at 
the  same  speed  as  an  ordinary  locomotive,  provided  the  adhesion  is 
sufficient,  with  the  economy  of  from  14^  to  20  per  cent. ;  and  as  the 
cost  of  the  compound  is  no  greater  for  such  an  engine,  the 
20  per  cent,  or  £134  saved  in  a  year  is  a  net  saving  per  engine, 
not  taking  into  account  the  cost  of  haulage  on  the  20  per  cent, 
reduction  of  fuel  and  water.  As  there  is  so  much  less  fuel  and 
water  used  in  the  boiler,  it  is  natural  that  there  must  be  less  wear 
and  tear  of  fire-box  and  tubes,  and  less  deposit,  &c.  ;  it  is 
consequently  to  be  presumed  that  the  boiler  of  the  compound  will 
last  longer  than  that  of  the  ordinary  engine.  Then  again  it  is  found 
there  is  no  more  actual  wear  on  the  compound  engine,  as  previously 
explained ;  and  both  the  high  and  low-pressure  cylinders  develop 
approximately  the  same  horse-power,  consequently  there  can  be  no 
more  wear  on  one  side  than  the  other.  Compound  express  engines 
working  the  heaviest  service,  which  run  about  3,000  miles  per  month, 
are  found  by  Mr.  v.  Berries  to  do  some  15  per  cent,  more  mileage 
between  shop  repairs  than  the  ordinary  engines  of  the  same  size  and 
class ;  and  the  intercepting  valve  shown  in  Plate  26  works  for  about 
two  years  with  only  the  renewal  of  the  spring  rings  on  the  valve- 
spindle. 

It  is  customary,  when  not  otherwise  specified,  to  make  the  size 
of  the  high-pressure  cylinder  of  the  compound  the  same  as  that  of 
the  cylinder  of  an  ordinary  locomotive,  but  to  use  a  higher  boiler 
pressure  in  the  comjiound.  Such  engines  are  found  to  haul  from 
•5  to  10  per  cent,  heavier  trains  while  saving  about  10  per  cent,  of 
fuel.  The  tender  may  be  left  the  same  size,  thus  allowing  the 
engine  to  run  further  with  the  same  water  and  fuel.  There  is 
therefore  an  extra  weight  due  to  the  increased  size  of  the  low- 
pressure  cylinder,  piston  and  receiver,  and  the  combined  intercepting 
and  starting  valve :  less  one  steam  pipe  in  the  case  of  outside 
cylinders,  and  the  difference  between  a  single  and  a  double  exhaust. 
Compound  engines  for  new  railways,  where  it  would  not  be  necessary 
to  take  into  account  existing  engines  and  tenders,  could  be  built  at 
less  weight  and  less  cost  for  the  same  power,  owing  to  their  greater 
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efSciency.  Comj)aring,  for  instance,  the  compound  goods  locomotive 
illustrated  in  Plate  23  with  the  ordinary  engines  weighing  full  about 
3G^  tons :  as  there  is  a  saving  of  from  14^  to  20  per  cent,  of  fuel, 
the  grate  area  and  heating  surface  may  be  reduced  in  proportion,  and 
also  the  boiler  slightly  ;  and  the  boiler  not  being  so  large  will  bear 
a  somewhat  higher  pressure,  while  the  weight  of  water  in  it  will  also 
be  less.  These  items  make  a  considerable  difierence,  for  the  boiler 
alone  weighs  about  8f  tons,  and  the  water  it  contains  about  2  tons 
8  cwts.,  making  a  total  weight  of  11  tons  3  cwts. ;  of  which  about 
IJ  tons  may  be  saved  with  the  comj)ound.  Again  the  motion-work, 
Si^rings  &c.,  may  be  made  somewhat  lighter,  as  the  strain  on  the 
compound  is  not  so  great  as  on  the  ordinary  engine.  Without 
taking  this  into  consideration  however,  there  is  a  saving  in  metal  of 
about  J  ton  in  the  boiler  alone.  The  tender  of  the  engine  illustrated 
in  Plate  23  weighs  about  13  tons  3  cwts.,  and  the  water  about  7  tons 
6  cwts.  when  full,  making  20^  tons ;  20  jjer  cent,  off  is  about  4  tons 
2  cwts.  Here  again  there  is  a  saving  of  say  2  tons  of  metal  in 
favour  of  the  compound.  Thus  the  saving  of  metal  in  the  engine 
and  tender  amounts  to  about  3  tons.  The  cost  of  the  compound  for 
the  same  power  is  thus  brought  to  about  the  same  as  that  of  the 
ordinary  engine,  or  rather  less.  The  engine  and  tender  being 
lighter  and  requiring  less  coal  and  water,  there  is  a  consequent 
saving  in  the  hauling. 

In  Plates  29  and  30  is  illustrated  a  compound  bogie  passenger 
engine  now  working  the  Scotch  express  on  the  North  Eastern 
Railway  between  York  and  Edinburgh,  being  one  of  Mr.  Worsdell's 
compounds  specially  designed  for  this  service.  The  cylinders  are 
18  and  26  inches  diameter  with  24  inches  stroke,  and  the  driving 
wheels  6  feet  8|  inches  diameter.  This  engine  is  fitted  with  Joy's 
valve-gear. 

In  Plate  32  is  shown  the  smoke-box  end  of  a  compound  passenger 
engine  now  being  built  by  Messrs.  Neilson  and  Co.  for  the  Santa  Fe 
and  Cordoba  Great  Southern  Eailway,  having  outside  cylinders  with 
the  steam-chest  above,  for  which  the  steam  distribution  is  given  in 
Table  16. 
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In  Table  1  are  given  the  number,  class,  and  principal  dimensions 
of  some  of  tbe  compound  engines  on  this  system  on  various  railways. 
Tables  2  to  12  show  the  actual  saving  on  some  of  these  lines. 

In  Tables  8  and  9  are  shown  the  results  of  the  comparative 
trials  on  the  Buenos  Aires  and  Eosario  Eailway  with  the  compound 
passenger  engine.  No.  34,  built  by  Messrs.  Beyer  Peacock  and  Co. 
from  the  designs  of  Messrs.  James  Livesey  and  Son.  This  engine 
is  one  out  of  six  ordinary  passenger  engines  that  were  being  built, 
of  exactly  the  same  class,  and  was  compounded  for  the  purpose  of 
giving  the  system  a  trial.  The  weight  of  train  and  conditions  of 
running  were  the  same  in  both  cases.  The  result  has  been  that 
six  more  compounds  of  the  same  class  have  been  ordered. 

In  August  1888  a  special  report  was  received  that  this 
compound  engine.  No.  34,  had  then  been  in  constant  service  for  a 
period  of  fifteen  months,  and  had  run  about  62,000  miles,  and  the 
results  had  been  very  satisfactory.  During  that  time  the  engine 
had  been  chiefly  employed  with  the  mixed  and  passenger  trains 
between  Buenos  Aires  and  Baradero,  the  speeds  being  respectively 
25  and  30  miles  per  hour,  exclusive  of  stoppages,  while  the  loads 
hauled  were  in  the  mixed  trains  50  axles  as  a  maximum  and  in  the 
passenger  trains  26  axles  as  an  average.  During  the  four  months  of 
February  to  May  1888  the  total  mileage  was  16,935  miles,  the 
average  consumption  of  coal  23*09  lbs,  per  mile,  and  of  oil  8-76  lbs. 
per  100  miles,  the  boiler  pressure  being  160  lbs.  per  square  inch. 
The  compound  was  found  to  run  as  steadily  at  all  speeds  as  the 
non-compounds  ;  the  starting  valve  worked  exceedingly  well,  and 
allowed  the  engine  to  get  away  with  its  load  quite  as  easily  as 
the  non-compounds;  and  the  compound  worked  its  trains  with 
punctuality.  After  a  performance  of  62,000  miles  it  appeared  to  b& 
in  remarkably  good  order.  The  brass  slide-valves  of  both  cylinders, 
as  well  as  the  cylinder  valve-faces,  were  found  with  a  good  true  and 
smooth  surface;  they  had  not  required  any  repair  or  re-surfacing, 
while  their  wear  was  small  for  the  mileage  run,  namely : — the 
flange  of  the  high-pressure  valve,  7-8ths  inch  thick  when  new,  had 
worn  down  to  11-1 6ths  inch  full  at  bottom  and  ^  inch  at  top;  and 
that  of  the  low-pressure  valve,  originally  1  inch  thick,  had  worn 
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down  to  7-8tbs  inch  thick.  This  was  altogether  a  superior  result  to 
that  obtained  with  any  of  the  five  non-compounds,  and  was  thought 
to  be  due  in  a  great  degree  to  the  use  of  the  steam  lubricator  worked 
from  the  footplate;  but  the  author  considers  it  is  to  be  attributed 
to  the  fact  of  the  i)ressure  under  Avhich  the  slide-valves  work 
being  much  less  than  in  an  ordinary  engine  with  the  same  boiler 
pressure.  The  piston  rings  had  once  been  replaced.  The  eccentric 
sheaves  were  still  in  good  order,  as  were  also  the  cast-iron  liners. 
The  wear  of  the  connecting-rod  large-end  brasses  and  coupling-rod 
bushes  had  not  been  in  any  way  extraordinary.  All  other  parts  of 
the  motion  had  given  good  resixlts,  and  the  engine  wheel  tires  were 
still  in  good  order.  The  boiler  maintained  steam  fully  with  the 
blast-pipe  nozzle  4  •  94  inches  diameter. 

Four  compounds  are  now  being  built  by  Messrs.  Kitson  from 
the  designs  of  Mr.  E.  Harry  Woods  for  the  North  Western 
Argentine  Eailway  of  metre  gauge ;  this  is  also  owing  to  the 
satisfactory  results  of  the  two  already  at  work  on  the  line,  which 
were  tried  against  the  ordinary  engines  built  from  the  same  design 
and  working  at  the  same  boiler  pressure  of  160  lbs.  per  square  inch. 

Table  13  gives  comparative  cost  of  repairs;  and  Tables  14  to  16 
show  steam  distribution  in  different  compound  locomotives. 

Indicator  diagrams  from  various  of  these  compound  engines  are 
shown  in  Plates  33  to  35.  Those  in  Plate  33  are  from  a  i)assenger 
engine  on  the  North  Eastern  Eailway,  and  those  in  Plate  34  from  a 
goods  engine  on  the  same  line.  Fig.  38,  Plate  35,  is  from  a 
passenger  engine,  and  Fig.  39  from  a  goods  engine,  on  the  Hannover 
State  Eailways. 

In  designing  the  engine  illustrated  in  Plates  23  to  28  the  author 
introduced  in  the  details  sundry  modifications  to  meet  the  exigencies 
of  the  country  it  was  intended  for.  These  modifications  he 
has  found,  after  a  number  of  years'  experience  as  locomotive 
superintendent  in  that  country,  to  be  of  imi)ortance ;  but  their 
enumeration  might  prove  tedious. 

The  author  desires  to  thank  Mr.  Worsdell  and  Mr.  v.  Berries 
and  other  engineers  for  information  and  statistics  which  have  been  of 
great  use  to  him  in  comjnling  this  paper. 
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TABLE  4. 

Comparative  Trials  of  Compound  and  Ordinary  Locomotives 

on  the  Prussian  State  Bailicay 

hetioeen  Paderhorn  and  Soest  and  Altenheken. 


1  July  to  31  December  1887. 


Compound.    Ordinary. 


Numbers  of  Engines 


Cylinders,  diameters   .         •         . 

„  stroke  .  . 
Driving  Wheels,  diameter  . 
Heating  surface  .         .         . 

Grate  area  .... 

Boiler  pressure,  lbs.  per  sq.  inch  above  atm. 
"Weight  in  working  order      .         . 

Distance  run      .         .         .         ,         , 


J   1173,117 
(jll7o,117( 


inches   J     18-11 


.       inches 

inches 

square  feet 

square  feet 

lbs. 

tons 

miles 


Coal  allowed  for  trials         ....  lbs. 

„     actually  consumed        ....  lbs. 

,,      consumption  in  percentage  of  allowance   percent. 
„      consumption  per  mile  ....  lbs. 

„      saving  in  Compound  engine  .         .  per  cent. 


Water,  saving  in  Compound  engine 


.  per  cent. 


{    25-59  j 
24-8 
52-3 
1291-7 
16-68 
176 
38-3 

43,372 

2,705,272 
1,738,674 

62 
40-08 

15 

20 


1101,1162 
1164,1165 

17-72 

24-8 
52-3 
1345-5 
16-68 
146 
38-3 

41,831 

2,725,328 

1,989,227 

73 

47-55 


Between  Paderbora  and  Soest,  distance  43-496  miles,  with  15 '534  miles  of 
1  in  250  to  1  in  300.  Between  Paderborn  and  Altenheken,  distance  10-563 
miles,  with  10-563  miles  of  1  in  100. 

The  coal  consumption  includes  lighting  up  and  shunting.  The  water 
consumption  was  measured  in  some  only  of  the  runs.  There  is  a  heavy  coal, 
traffic,  and  the  trains  are  fully  loaded  going  up,  but  nearly  empty  coming  down. 

From  Paderborn  to  Soest,  the  Compound  takes  120  axles,  the  Ordinary  110. 
5,  „  „  Alteubeken      „  ,,         50     „        „  „  52. 
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TABLE  6. 

Trial  of  Comi)ound  and  Ordinary  Passenger  Engines 

between  Heaton  Junction  and  Tweedmouth 

on  the  North  Eastern  Mailway. 


January  and  February  1888. 

Compound 

No.  18. 

Ordinary 
No.  902. 

Weight  of  twenty  vehicles     . 

tons 

160 

160 

„        ,,  engine  and  tender 

tons 

81-35 

71-70 

„        „  train,  total   . 

tons 

241-35 

231-70 

Mileage  of  engine,  total 

miles 

960 

952 

„        ,,  train,        „ 

miles 

892i 

892| 

Coal  consumption,  total 

lbs. 

25,25i 

32,104 

„             ,,            per  engine-mile 

lbs. 

26-3 

33-7 

„             „            per  train-mile    . 

lbs. 

28-3 

36-0 

„             „            saving  by  Compound 

per  cent. 

21J 

Water  consumption,  total 

.  gallons 

19,383 

24,155 

,,             „             per  lb.  of  coal 

lbs. 

7-68 

7-78 

Time  of  running,  total  . 

hrs.  mins. 

27  38 

27  36 

„              „         average  per  trip  . 

hrs.  mins. 

1  58 

1  58 

Weather  very  rough,  with  boisterous  wind  and  much  snow,  for  Comi^ouud  engine  ; 
and  heavy  wind  for  Ordinary. 
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TABLE  7. 
Saving  of  Fuel  hij  Compound  over  Ordinary  Locomotives 

in  trials  made  iinder  tJie  same  conditions 
'between  Leipzig  and  Hof  on  the  Saxony  State  Baihvays. 

Eleven  Compound  Goods  engines  working  at  180  lbs.  per  square  inch,  during 
four  months'  regular  trial  in  1887,  showed  a  saving  of  18  per  cent,  in  fuel  over 
similar  Ordinary  engines  working  at  135  lbs. 

One  Compoimd  Express  engine  saved  from  IS  to  20  per  cent,  in  fuel  over  a 
similar  Ordinary  engine  with  the  same  pressure,  during  three  montlis'  trial. 

In  a  special  trial,  making  four  trips,  the  saving  in  water  was  17  per  cent,  in  a 
Compound  over  an  Ordinary  engine,  with  the  same  pressure  and  under  the  same 
conditions. 


TABLE  8. 

Comparative   Consumption  of  Coal  and    Oil 

in  Ordinary  and  Compoimd  Passenger  Locomotives 

on  the  Buenos  Aires  and  Bosario  Bailicay. 


Four  weeks 

from 

27  May  to  26  June 

1887. 

Distance 
run. 

COAL. 

OIL. 

Total. 

Per 

mile. 

Total. 

Per 

100 
miles. 

Ordinary  Engine,  No.  10 
Compound  Engine,  No.  34 

Miles. 
3,937 
3,638 

Lbs. 

111,001 

81,350 

Lbs. 
28-19 
22-36 

Lbs. 
595-24 
599-65 

Lbs. 
15-12 
16-48 

Thus  the  Compound  burnt  20  i  per  cent,  less  coal  than  the  Ordinary  engine, 
but  used  9  per  cent,  more  oil ;  the  actual  money  saving  was  3  dollars  20  cents 
per  hundred  miles.  The  working  pressure  in  the  Ordinary  engine  was  150  lbs. 
per  square  inch,  and  in  the  Compound  IGO  lbs. 
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TABLE  10. 

Coraimrative  Consumption  of  Coal 
hi)   Compound   and  Ordinary   Locomotives 
for  three  montlis  ending  21  May  1886 
on  the  Great  Eastern  Railway. 


Number  and  Class 
of  Engines. 

1886. 

Four 
weeks 
ending 

Distance  run. 

Coal  consumed. 

Train 
Miles. 

Engine 
:Miles. 

Total. 
Cwts. 

i 

Lbs.  per  Lbs.  per 
Train     Engine 
mile.       mile. 

Eleven  Compounds 
Eleven          ,, 
Eleven          „ 

26  aiar. 
23  Apl. 
21  May 

36,5031 
34,848i 
38,117^ 

37,794i 
35,857| 
39,1022 

9,849  1 

8,979 

9,939 

30-2       29-1 
28-8       28-0 
29-2       28-4 

Totals  and  Averages    . 

109,469* 

112,7541 

28,767 

29-4  1     28-5 

1 

Six  Ordinary 
Seven     „ 
Seven    „ 

26  Mar. 
23  Apl. 
21  May 

18,610 
23,761 
22,300 

19,3551 
24,3621 
22,938* 

5,724 
7,162 
6,661 

34-4 
33-7 
33-4 

33-0 
32-9 
32-5 

Totals  and  Averages    . 

64,671 

66,6561 

19,547 

33-8  j     32-8 

Mean  Saving  by  Compounds 

4-4 

4-3 

TABLE  11. 

Comparative  Consumption  of  Coal  and  Evaporation  of  Water 

hy  Compound  and  Ordinary  Locomotives 

working  passenger  train  from  London  to  Nonoich 

on  the  Great  Eastern  JRailway. 


October  1886. 

4  Oct. 
Compound 
No.  704. 

18  Oct. 
Ordinary 
No.  565. 

Coal  consumption,  total     .         .         .         .lbs. 
„            „             per  mile         .         .         .     lbs. 

Water  evaporation,  total    .         .         .        gallons 
„               „            per  lb,  of  coal        .          .     lbs. 

Feed  water,  average  per  five  minutes          gallons 
„         „       temperature     .          .          .           Fahr. 

Average  steam  pressure  per  square  inch.       .     lbs. 

Load,  Loudon  to  Ipswich            .          .       vehicles 
„      Ipswich  to  Norwich           .          .       vehicles 

2,780 
24-3 

2,196 
7-9 

112-5 

64° 

138 

14 

c, 

3,444 
30-2 

2,853 

8-2 

126-4 

65° 

122 

15 

7 

The  Compound  steamed  freely,  weather  very  favourable. 
The  Ordinary  engine  steamed  moderately,  weather  rather  unfav 


ourable. 
Q 
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TABLE  12. 

Comparative  Consumption  of  Coke 

in  Ordinary  and  Compound  Locomotives 

on  the  Manchester  Bury  Bochdale  and  Oldham  Tramways. 


Coke  consumption  per  mile  by  Ordinary  engine 

„  „  „       „      „  Compound     „ 

Saving  per  mile  by  Compouud  engine     . 
Percentage  saving  ,,  ,, 


10-3  to  10-9  lbs. 
8-2  to    S-7  1bs. 
2-1  to    2  2  lbs. 
21  per  cent. 

The  time  occupied  in  running  eacli  day  is  12J  hours,  and  the  distance  run 
daily  is  48  miles,  which  is  done  in  seven  trips  of  6-7  miles  each,  with  40  minutes 
relief  between  each  trip.  The  amount  of  oil  served  out  is  the  same  for  botli 
engines,  namely  2  jiints  of  lubricating  oil  and  J  pint  of  valve  or  cylinder  oil. 


TABLE  13. 

Comparative  Cost  of  Bepairs 

of  ten  Ordinary  and  two  Compound  Locomotives 

ioorking  heticeen  Hannover  and  Minden  on  the  Prussian  State  Bailways. 


Distance  run  up  to  last  rejpairs,  total  .  miles 

Cost  of  maintenance,  total           .  .  shillings 

„     „            „            per  mile  run  .  penny 

Saving  by  Compound  engines      .  .  per  cent. 


Ten 

Ordinary 

Nos.  1111-20 

Two 

Compound 

Nos.  1121-22 

883,884 

185,609 

122,048 

24,1G3 

1-GG 

1-56 

G 

The  Ordinary  engines  work  at  146  lbs.  pressure,  and  the  Compounds  at 
176  lbs.  Both  classes  are  doing  tlie  same  kind  of  work,  and  both  have  been 
running  about  four  years.  Tlie  cost  of  maintenance  includes  general  repau's  and 
renewal  of  tires.  The  Compounds  save  15  to  20  per  cent,  of  fuel  and  water  ae 
compared  with  the  Ordinary  engines. 


Ps 
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Plate  25,  Figs.  5  and  6. 
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1— 1 

O 

H 

P 

o 

05 

<    (B 

S 

o 

1 

0  2 

1 

d 

d  CO  (M  C5  CO  (M  C5  -H 
aJ  Ci  C3  CC  M  OD  L^  l^ 

1 

t H  Oi  CO  CO  C5  (M 

CO  t>  1>Q0  00  00  C5 

1 

c^'HfOot^eooirt 

p_,C5C50COCOCCt- 

1 

in  (N  c:  !M  CO  C5  <M 

CO  t>  C-  00  00  00  C5 

a3 

O    03 

it 

o  a 
o 

^1 
0  2 

1 

o 

CO  O  1-1  C5  l>  Tt<  (M 
rH  I— 1 

^.  CO  O  iM  -*  ri  'M  Ci 
P^  t~  t-  CO  »0  -tl  -+l  !M 

t- 

l>  C  -^  rci  t^  t^  CM 

t-l  CO  ■*!  -+i  O  CO  l> 

"3  -e 
2  3 

-  HIM               H?l               H|o 
OC--HCOOOOt- 
pj  l^  t^  CO  iO  lO  Tt<  (M 

t- 

1-H  O  O  ©  O  CO  o 

rH  (M  CO  tM  O  CO  C- 

e3   o 

•                       <M  CO 

rd                         CO  r-H  00  CO 
g  O  O  O     1      i      1      1 

5-32 

5-32 

/1-8 

/1-S 

]-16 

1-32 

0 

2  3 

-tt                       CO  1-H  03  CO 

ii  oo  o   1    1    1    1 

CO  CO  CO  03  CO 
1       1       1       1       1    O  O 

Q 
O 

s 

Eelease 
in  percentage  of  stroke. 

.^^(NlMi-lrHOO 

CO  IM  !M  O         O 

ci  o 

n  ft 

ci  CO  CO  — 1 1-  CO  v:  o 

P_l  X  CO  <»  l>  L-  CO  -o 

1 

-H  O  CO  O  -H  X  O 
CO  !>  t>  t^  X  00  O 

i      *^  2 

9o5ooeoco^ooo 
pi^oooocoot-coco 

"b1         HIM 

rH  X  TiH  (TJ  CO  X  O 
CO  CO  t>  t- X  X  o 

Cut-off 
in  percentage  of  stroke. 

o  o5 

!«§ 
O  2 

1 

,A  •  Ttl  CO  CO  (M  i-l  (M  !M 

o 

HIM 

X  C5  C5  CO  TfH  (M  (N 

eS  O 

W  ft 

".  O  t^  1^  x  ^  c-i  -M 

PL|  O  CO  »0  TfH  ^  CO  CM 

lO 

Hfcj 

X  05  Oi  CD  -H  C<]  r^ 
(M  CO  •*!  iO  CO  l>  l> 

2  3 
fe  ft 

4-+<oooooo 

p^L-t>C0OTtHC001 

ITS 

o  o  o  o  o  o  m 

Cq  CO  T*H  «  CO  t^  t^ 

Lead. 
/  full.    &  bare. 

pq  ft 

•                -tl  CO  CO  CO  C<l 
-S                CO  i-<  1-H  1-1  CO 

2  o  o    1     1     1    1     1 

C<J  CO  -t< 
X  CO  X  CO  1-H  CO 
1      1      1      1      1      1   o 

rH  -H  rH  CO  fH  rH 

lO  o 

It 

•                -fl  CO  CO  CO  (M 
^                CO  — <  — (  1-H  CO 
o  O  O     1      1      1      1      1 

a         1-H  1-1 1-t  ^  CO 
1— 1                    "^--.^ 

1 

(M  CO  CO  O  -H 
CO  rH   rH  rH  CO 

1     1     1     1     1  o  o 

CO  rH  rH  rH  rH 

Plate 

25,  Figs. 

5andG. 

Forward  gear. 

Mid. 

*Back  gear. 

Q  ii 


COMPOUND    LOCOMOTIVES. 


Tan.  1889. 


116 

TABLE  15. — Steam  Distribution  in  Compound  Tank  Locomotive 

with  WaUchaert  valve-gear  on  the  Alsace  and  Lorraine  Itailway. 

Throw  of  Eccentrics  7 '87  iuclios.     Aiifrlc  of  advance  0'^. 
Lenprth  of  Conncctiiiir-rod  88 "It*  inches. 


HIGH-PRESSUEE  CYLINDER.  |   LOW-PRESSURE  CYLINDER. 

cc 

14 -70  ins.  diam.  > 

.19-69  ins.  stroke.  1 21- 65  ins.  diam.  X  19-69  ins.  stroke 

a 

Outside  La 

p  l-3f 

inch..                          Outside  La 

pl-1;: 

inch. 

OJ 

Inside  Clearance  ()• 

26  inch.                        Inside  Lap 

0-00  inch. 

OQ 

Width  of  Ports  11-42  inches.       j       Width  of  Ports  IG  -54  inches. 

> 

O 

5 

a 

fi 

c3   O 

Percentage 
of  stroke. 

p 

C4-J 
O 

> 
H 

S 
1-^ 

Percentage 
of  stroke. 

o 

o 

1      . 

Ed 
an 

< 
Pd 

H 

O 

>-i 

m 

a 
o 

0 

0 

S 

1 

!     O 

s 

'  0 

Ins. 

Inch. 

Inch. 

P.c. 

1  P.c. 

P.C. 

Ins.    Inch.  Inch. 

p.c. 

1  p.c.     p.c. 

2-48 

0-12 

1-18 

72i 

1     90 

95 

2-40:  O-OSi   1-26 

■     77* 

94*      94' 

2-82 

0-08 

1-52 

76' 

89 

94 

2-76|  0-04    1-61 

79 

93       93 

2-34 

0-12 

1-04 

68 

88 

94* 

2-22'  0-08    1-08 

74 

93       93 

2-60 

0-08 

1-30 

72 

88 

93^ 

2-52 

0-04    1-38 

76* 

92*     92| 

• 

2-07 

0-12 

0-77 

58i 

84 

92 

1-97 

0-08    0-98 

65 

91       91 

P5 

2-26 

0-08 

0-96 

63i 

84)     91 

2-19 

0-06    1-04 

69 

89*  J     89* 

H 

o 

1-83 

0-12 

0-53 

47 

I    78*;     89 

1-71 

0-06   0-96 

53 

86* 

86* 

« 

1-95 

0-08 

0-65 

51i 

\  m\  88 

1-87 

0-08[  0-98 

58 

86" 

86 

< 

o 

1-75 

0-12 

0-45 

39 

74       86* 

1-57 

0-06'  0-83 

44 

84 

84 

1-79 

0-08 

0-49 

43 

74       85 

1-65 

0-08i  0-91 

49* 

83 

83 

^ 

1-60 

0-12 

0-29 

28^ 

67 

81 

1-44 

0-06    0-59 

33 

77 

77 

1-61 

0-OS 

0-31 

30 

67 

SO 

1-48 

0-OSl  0-67, 

37 

77 

77 

1-52 

0-12 

0-22 

20 

60  \     76* 

1-32 

0-06    0-35 

21 

70 

70 

1-50 

0-08 

0-20 

19i 

59|,     74A 

1-38 

0-OS    0-47 

26 

71* 

71* 

1-44 

0-12 

0-14 

11 

50 

67 

1-26 

0-06 

0-24 

9* 

57* 

57* 

1-42 

0-08 

0-12 

8 

48* 

65 

1-30 

0-08 

0-31 

11 

61" 

61" 

1-44 

0-12 

0-14 

121 

52i     72 

1-22 

0-04 

0-16 

10* 

61* 

01* 

1-42 

0-08 

0-12 

9 

50 

67* 

1-28 

0-12 

0-28 

11 

61* 

61* 

1-52 

0-12 

0-22 

22 

64 

79 

1-28 

0-04    0-28' 

20 

71 

71 

1-50 

0-OS 

0-20 

19 

59 

74* 

1-36 

0-12 

0-43 

22 

70 

70 

1-61 

0-12 

0-31 

33i 

72 

84* 

1-38 

0-04 

0-47 

33 

78* 

78J 

1-60 

0-08 

0-29 

29" 

66* 

80 

1-48 

0-12 

0-67 

34* 

77 

77 

1-73 

0-12 

0-43 

43 

76* 

87 

1-48 

0-04 

0-67 

44 

82*      82*1 

1-71 

0-08 

0-41 

38 

71 " 

S3 

1-61 

0-12 

0-87 

44* 

81" 

81 

1-87 

0-12 

0-57 

53 

81 

90 

1-63   0-04 

0-89 

54* 

85i 

85* 

& 

M 

1-85 

0-08 

0-55 

m 

76* 

87 

1-77 

0-14 

0-98 

54* 

85 

85" 

o 

2-09 

0-12 

0-79 

QU 

86 

92* 

1-85 

0-04 

0-98 

66 

90 

90 

M 

2-07 

0-08 

0-77 

58| 

81 

89* 

2-03 

0-14 

0-98| 

64* 

89 

89 

2-40 

0-12 

1-10 

73 

90 

95 

2-17 

0-04 

1-02' 

75 

92* 

92* 

2-36 

0-08 

1-06 

66J 

86 

92* 

2-34 

0-16 

1-20 

73* 

92 

92 

2-64 

0-12 

1-34 

77i 

91* 

96 

2-40 

0-04 

1-26 

79 

94 

94 

2-60 

0-08 

1-30 

72i 

88 

93*j 

2-58 

0-16| 

1-44 

1 

77* 

93 

93 
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TABLE  16. — Steam  Distribution  in  Compound  Locomotive 

on  the  Santa  Fe  and  Cordoba  Great  Southern  Mailway. 

Angle  of  Eccentrics  from  crank,  forward  60^°,  backward  Glp. 

Boiler  Pressure  170  lbs. 


HIGH-PRESSURE  CYLINDER. 

LOW-PRESSURE  CYLINDER. 

16  ins.  diam.  X  24  ins.  stroke. 

23  ins.  diam.  X  24  ins.  stroke. 

See      1 

Clearance  in  link,  top  0  •  94  inch, 

Clearance  in  link,  top  0-31  inch, 

bottom  0'31  inch. 

bottom  0  •  94  inch. 

Plate  25,  j 

Slip  of  die,  top  0  • 

81  inch, 

Slip  of  die,  top  0  •  81  inch, 

bottom  0  •  G9  i 

nch. 

bottom  0-62  inch. 

Figs.  9    1 

Stroke  in  mid  gear  2 

•  63  inches. 

Stroke  in  mid  gear  2  •  56  inches. 

Outside  Lap  1  •  1 

2  inch. 

Outside  Lap  1  •  12  inch. 

and  10. 

Inside  Clearance  0 

•25  inch. 

Inside  Lap  O'OO  inch. 

Width  of  Ports  12- 

87  inches. 

Width  of  Ports  17-00  inches. 

Length  of  lifting  liu 

c  14-06  ins. 

Length  of  lifting  link  14-64  ins. 

_o 

6 
> 

r-  %-  *; 

Percentage 

o5 

> 

rH  t4-l   -W5 

Percentage 

o 

zi 

!=    O    jH 

of  stroke. 

"« 

3  ?  S 

of  stroke. 

m 

>- 
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>■ 

r~^ 
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Fn 
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"o 
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EH 
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■A 

ci 

^zt 
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H 

o 

Ph 

H 

Q 

rt 

Ins. 

Inch. 

Inch. 

P.c. 

p.c. 

Ins. 

Inch. 

Inch. 

P.c. 

P.c. 

Full 

4-19  _ 

0 
-0 

02 
02 

1 

0 

00 
94 

73S 

72i 

891 

881 

4-50:g 

03 
03 

1-16 
1-09 

78 
111 

93f 
94 

5 

3-Sl 

0 
0 

03 
03 

0 
0 

81 
75 

68 

861 
80' 

0 
0 

00 
01 

1-03 
1-00 

73 
721 

92 
92 

O 

4 

3-o0 

0 

OG 

0 

63 

611  ,  83i 

0 

03 

0-87 

67i 

90 

P3 

0 

06 

0 

62 

58i 

8U 

0 

06 

0-87 

66 

89f 

t 

3 

3-19 

0 

09 

0 

47 

521 

783 

0 

07 

0-87 

601 

%1\ 

O 

0 

10 

0 

47 

49 

763 

0 

09 

0-87 

573 

861 

fc* 

O 

2-97 

0 

12 

0 

34 

411 

731 

0 

09 

0-84 

51J 

83J 

L 

0 

13 

0 

37 

381 

703 

0 

10 

0-86 

48| 

823 

1 

•>  •79 

0 

13 

0 

24 

291 

663 

0 

12 

0-72 

40 

791 

Z.     i  ^ 

0 

16 

0 

28 

27|  1  63" 

0 

13 

0-74 

37f 

78 

2-91 

0 

10 

0 

38 

371 

691 

0 

12 

0-62 

27i 

70 

0 

12 

0 

28 

31 

68| 

0 

16 

0-61 

22 

70i 

3-09 

0 

09 

0 

47 

47 

751 

0 

09 

0-72 

363 

753 

< 

0 

10 

0 

38 

421  :  751 

0 

16 

0-69 

313 

77 

W 
O 

3-37 

0 

06 

0 

62 

552 

792 

0 

09 

0-84 

47A 

81 

a 

0 

09 

0 

51 

531 

81 

0 

13 

0-78 

431 

821 

< 

3-G2 

0 

03 

0 

74 

62f 

833 

0 

06 

0-87 

551     85 

.g 

0 

07 

0 

62 

61| 

841 

0 

12 

0-87 

531     861 

3 

< 

3-87 

0 

00 

0 

87 

691 

861 

0 

01 

0-87 

63f  1  88 

PQ 

0 

03 

0 

75 

683 

871 

0 

07 

0-87 

621 

891 

* 

Full 

4-Ofi-O 

03 

1 

07 

74 

891 

o.m-  0 

03 

0-87 

681 

901 

*  -*^  1  0  00 

0-95 

741 

901 

^  ^^   1  0-03 

0-87 

691 

91f 

'*  For  backward  gear  the  two  full-gear  notches  are  the  only  two  cut  in  the  sector 


118  COMPOUND    LOCOMOTIVES.  Jax.  1880. 


Discussion. 

Mr.  Samuel  W.  Johnson,  Member  of  Council,  being  unable  to 
attend  tlic  meeting,  wrote  that  ho  had  had  no  exi^erience  with 
compound  locomotive  engines,  but  had  watched  with  considerablo 
interest  the  records  of  the  working  of  the  Webb  and  Worsdell 
comi)ounds,  the  results  of  which  he  thought  were  such  as  were  likely 
to  be  obtained  by  the  use  of  a  higher  boiler-pressure  and  a  higher 
degree  of  expansion.  He  had  not  yet  seen  any  records  of  trials  made 
in  this  country  between  simj)le  and  compound  engines  where  equal! 
boiler-pressures  and  the  same  kind  and  quality  of  fuel  had  been  used, 
and  where  the  engines  had  been  capable  of  taking  the  same  maximum 
load  ;  and  to  his  mind  comparisons  made  on  other  bases  than  these 
were  of  little  value.  With  regard  to  the  experiments  made  by 
Mr.  Adams  on  the  London  and  South  Western  Eailway  with  both 
Mr.  Webb's  and  Mr.  Worsdell's  compounds,  in  neither  case  had  he 
been  able  to  arrive  at  any  satisfactory  conclusion ;  and  he  thought 
it  would  afford  valuable  information  if  these  experiments  could  be 
continued  until  something  definite  was  arrived  at. 

The  saving  of  fuel  by  the  compounds  was  given  at  15  per  cent. 
Some  three  years  ago  he  had  made  a  number  of  locomotive  boilers  to 
work  at  a  pressure  of  160  lbs.  per  square  inch,  and  had  employed  the 
engines  on  the  same  duties  as  those  working  at  140  lbs.  per  square 
inch;  in  every  other  respect  the  engines  were  of  the  same  class. 
The  result  had  at  once  been  a  saving  of  fuel  of  from  11  to  13  peij 
cent,  with  the  higher  j)ressure,  a  saving  almost  directly  in  proportion 
to  the  increase  of  14j  per  cent,  in  the  boiler  pressure.  From  the 
20  lbs.  increase  in  pressure  no  inconvenience  whatever  had  been 
experienced  in  any  of  the  working  parts  of  the  engines — cylinders^, 
valves,  rods,  or  bearings.  He  had  no  prejudice  either  in  favour  of  ou 
against  any  particular  design  of  engine,  providing  it  was  suited  to 
the  work  it  had  to  perform ;  and  he  should  be  in  favour  of  any 
engine  which  could  be  proved  to  do  an  equal  amount  of  mechanical 
duty  to  an  ordinary  engine,  with  a  smaller  amount  of  fuel  and  at  a 
lower  aggregate  cost. 
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The  question  arose,  liow  far  could  tlie  ordinary  boiler-pressure  of 
140  lbs.  per  square  incb  in  tbe  simple  engine  be  increased  with 
advantage,  and  without  inconvenience  in  working ;  and  to  what 
extent  had  the  compound  engine  an  advantage,  if  any,  over  the  simple 
engine.  It  must  be  admitted  there  were  several  good  points  about 
Mr.  Webb's  compound  engine :  —  firstly,  it  got  rid  of  outside 
coupling-rods ;  secondly,  the  fire-box  and  grate  area  could  be  made 
as  large  as  could  be  wished  ;  thirdly,  there  was  only  a  single-crank 
axle,  instead  of  a  double  one.  But  on  the  other  hand  there  were 
three  cylinders  and  three  sets  of  motion  to  do  the  work,  instead  of 
two,  involving  a  consequent  increase  of  friction  owing  to  increased 
number  of  parts. 

As  a  specimen  of  the  working  of  heavy  fast  main-line  passenger 
trains  on  the  Midland  Eailway,  the  results  from  a  number  of  engines 
over  a  considerable  period  on  the  Carlisle  section  showed  a 
consumption  of  29*3  lbs.  of  fuel  jier  train-mile  with  an  average  load 
of  13^  vehicles,  and  30*1  lbs.  per  train-mile  on  the  Leicester  and 
London  section  with  an  average  of  14^  vehicles  :  using  in  each  case 
the  ordinary  coal  of  the  district.  The  booked  speeds  of  these  trains 
were  from  48  to  50  miles  per  hour  ;  and  the  coal  used  included  that 
for  getting  up  steam,  standing  &c.,  in  fact  all  coal  booked  to  the 
engine.  The  published  consumption  of  Mr.  Webb's  large  compounds 
on  similar  duties  he  believed  was  29 '5  lbs.  per  train-mile. 

Mr.  David  Bandekali  mentioned  that  on  the  Northern  Eailway 
of  France  a  comj)ound  goods  engine  had  now  been  in  use  for  about  a 
year,  having  four  cylinders  in  two  tandem  pairs  on  the  Woolf  plan, 
and  there  had  been  found  to  be  a  saving  in  fuel  of  certainly 
something  like  12  per  cent,  with  the  same  boiler  pressure,  while  at 
the  same  time  the  engine  was  able  to  pull  heavy  trains  up  steep 
inclines  more  easily. 

In  reference  to  the  spark-arrester  mentioned  in  page  94  of  the 
paper,  he  should  like  to  know  whether  there  was  any  inconvenience 
arising  from  its  being  placed  in  the  smoke-box,  and  whether  it  did 
not  interfere  with  the  good  working  of  the  blast-pipe.  In  the 
compound   engine   he   had  generally   found   that   there   was    some 
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difficulty  iu  getting  a  sufficient  blast  in  the  cliimney ;  and  if  there 
was  an  extra  spark-arrester  in  the  smoke-box  he  was  afraid  it  would 
jn-oduce  a  bad  cilect  in  impairing  the  power  of  the  blast-pipe. 

It  was  further  stated  in  page  95  that  "  by  compounding  existing 
engines  without  increasing  their  pressure  an  economy  of  only  from 
10  to  15  per  cent,  may  be  obtained."  This  seemed  to  him  to  be  an 
answer  to  a  question  raised  by  Mr.  Johnson ;  and  he  thought  there 
was  an  economy  of  fuel  to  be  expected  from  compounding  existing 
engines,  because  this  had  been  found  to  be  the  result  in  the  trials  on 
the  Northern  Railway  of  France. 

In  regard  to  the  capacity  of  the  receiver  or  reservoir,  which  it  was 
stated  in  page  96  should  be  at  least  equal  to  that  of  the  high-pressure 
cylinder,  he  had  found  that  the  capacity  should  be  a  little  larger 
than  that.  In  an  express  compound  engine  with  four  cylinders,  not 
on  the  same  jilan  as  the  tandem  already  mentioned,  he  had  found  that 
the  capacity  of  the  reservoir  must  be  something  like  half  as  large  again 
as  the  joint  capacity  of  the  two  high-pressure  cylinders,  instead  of 
only  equal  to  it. 

On  the  Northern  Eailway  of  France  there  were  now  three 
compound  engines ;  one  was  the  express  passenger  engine  just 
mentioned,*  having  two  high-pressure  cylinders  inside  and  two  low- 
pressure  outside ;  and  another  was  the  tandem  goods  engine  having 
two  cylinders  on  each  side,  the  low-pressure  one  in  front  of  the 
high-pressure,  with  the  same  motion  and  only  one  treble-j)orted 
slide-valve  for  both  cylinders.!  They  had  also  been  trying  for  six 
months  a  mixed  engine  for  goods  and  passenger  trains,  having  six 
wheels  coupled  and  three  cylinders.  While  there  had  certainly  been 
found  a  saving  of  fuel  in  the  use  of  all  these  compound  engines, 
the  question  was  whether  against  that  saving  of  fuel  there  was  any 
extra  expense  in  working  the  engines.  Of  course  this  was  a  question 
of  experience ;  but  as  far  as  concerned  the  working  of  the  engines 
now  mentioned,  hitherto  there  had  not  been  found  in  wear  and  tear 
any  extra  expense  that  might  not  be  diminished  by  further  practice. 


See  description  in  the  "  Eevue  ge'nerale   des   Chemins  de  far,"  IMay  18S7, 
page  263.  f  Ibid,  November  18SS,  page  285. 
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There  had  been  sometimes  a  little  more  expense  for  oiling  the 
engines ;  but  this  had  been  traced  partly  to  some  special  causes 
independent  of  the  compound  system,  and  partly  to  the  bad  practice 
of  some  of  the  drivers,  who  were  apt  to  use  too  much  oil  by 
supplying  it  into  both  the  high-pressure  and  the  low-pressure 
cylinders.  It  was  not  necessary  to  oil  the  steam  everywhere, 
and  a  very  good  result  had  now  been  found  from  oiling  it  in  the 
regulator  as  it  left  the  boiler ;  this  was  (juite  enough  for  oiling 
three  or  four  cylinders. 

The  President  enquired  how  the  cylinders  were  arranged  in  the 
three-cylinder  engine  of  which  Mr.  Banderali  had  sj)oken. 

Mr.  Bandebali  replied  that  the  engine  had  an  inside  cylinder  in 
the  middle  for  tlie  high  pressure  and  two  outside  cylinders  for  the  low 
pressure.  The  difference  between  that  arrangement  and  Mr.  Webb's 
was  that  the  French  engine  had  three  coupled  pairs  of  wheels,  and 
all  three  cylinders  acted  together  on  only  one  pair  of  wheels. 
The  engine  had  ample  starting  power. 

Mr.  William  Schonheyder  observed  that  the  two  kinds  of 
compound  locomotives  which  were  practically  known  in  this  country 
were  those  of  Mr.  Webb  and  Mr.  Worsdell.  The  former  had  been 
the  fii'st  to  be  tried  to  any  considerable  extent,  the  endeavour  being 
to  arrange  a  compound  engine  in  such  a  manner  as  to  do  away  with 
coupling-rods,  which  were  considered  by  Mr.  Webb  to  be  a  very 
great  objection.  That  had  been  done  by  arranging  a  low-pressure 
cylinder  to  work  on  one  axle  by  itself,  and  two  high-pressure 
cylinders  to  work  on  another  axle.  To  what  extent  it  was  really 
worth  while  to  do  away  with  coupling-rods,  in  comparison  with  the 
disadvantages  which  their  use  entailed,  was  doubtless  best  known 
by  locomotive  suj)erintendents ;  but  at  any  rate  coupling-rods 
were  used  at  the  present  time  to  a  great  extent  all  over  the  world, 
and  little  or  no  objection  was  felt  to  them  if  they  were  made 
sufficiently  strong.  Of  course  they  necessitated  two  or  more  pairs 
of  wheels  travelling  at  the  same  number  of  revolutions,  whether  they 
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were  all  exactly  tlie  same  diameter  or  not ;  aucl  tliis  certainly  was  a 
great  disadvantage.  But  on  the  other  hand  the  objections  to  the 
Webb  compound  were,  firstly  that  there  were  three  cylinders  with 
three  sets  of  valve-gear  to  make  and  look  after  and  maintain ;  and 
secondly  that  there  were  two  distinct  sets  of  reversing  gear.  The 
latter  he  believed  were  now  generally  coupled,  while  there  was  also 
the  means  of  working  them  separately.  Moreover  as  the  strength 
of  a  chain  was  the  strength  of  its  Aveakest  link,  the  power  of  starting 
could  not  be  taken  as  any  greater  than  whatever  was  the  smallest 
j)ower  of  the  engine  at  any  time  ;  and  whenever  the  low-pressure 
piston  happened  to  be  at  or  near  the  end  of  its  stroke,  there  was  only 
the  power  of  the  small  cylinders  to  start  with.  That  was  an 
occurrence  which  he  knew  fref[itently  happened,  for  he  had  several 
times  been  in  trains  on  the  London  and  North  Western  Railway 
when  the  engine  had  had  to  be  backed  in  order  to  start  the  train ; 
once  last  summer  a  passenger  train  had  to  be  backed  three  times 
from  Rugby  station  before  the  engine  could  start.  Then  there 
was  the  discomfort  to  passengers,  of  which  locomotive  engineers 
might  perhaps  think  but  little,  that  on  starting  they  experienced 
unpleasant  jerks  forwards  and  backwards  for  a  considerable  time, 
before  the  train  got  into  full  swing  and  a  uniform  driving  power 
was  attained  ;  he  had  experienced  this  both  on  the  main  line  of  the 
London  and  North  Western  Railway  and  also  on  the  underground 
line,  and  he  had  no  doubt  that  others  had  exjjerienced  it  also. 

The  two-cylinder  compound  locomotive  of  Mr.  Worsdell  appeared 
to  him  to  be  a  much  better  arrangement ;  because  it  was  a  much 
simpler  engine,  with  only  two  cylinders  as  in  the  ordinary  locomotive, 
and  only  two  sets  of  valve-gear.  Although  a  special  starting  or 
intercepting  valve  was  used,  he  believed  it  was  not  necessary,  and 
that  an  intercejiting  or  starting  valve  could  be  arranged  in  such  a 
manner  that  only  the  two  ordinary  handles  should  have  to  be 
attended  to,  namely  the  regulator  handle  and  the  reversing  lever.  It 
thus  made  a  much  simpler  engine.  Nor  was  there  any  difficulty  in 
getting  a  low-pressure  cylinder  of  sufficient  size,  because  even  if 
this  could  not  be  managed  with  inside  cylinders  it  could  be  done 
with  outside  cylinders,  although  he  believed  Mr.  Worsdell  got  all 
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tlie  power  lie  wanted  with  liis  present  inside-cylinder  arrangement ; 
and  there  need  be  no  objection  to  oxitside  cylinders  in  a  locomotive 
on  the  score  of  uneqnal  balancing,  because  it  was  a  simple  matter  to 
make  the  two  pistons  of  the  same  weight,  and  all  the  rest  of  the 
working  gear,  piston-rods,  slide-rods  &c.,  were  of  the  same  dimensions 
for  both  cylinders.  In  this  two-cylinder  arrangement  the  coupling- 
rods  were  retained,  and  no  difficulty  was  found  with  them ;  many 
engineers  he  believed  would  say  the  same. 

"With  reference  to  the  proportion  of  the  cylinders,  it  appeared 
to  him  that  the  practice  of  locomotive  engineers  in  designing  a 
compound  engine  had  been  to  start  with  the  size  of  the  high-pressure 
cylinder ;  whereas  they  ought  in  his  opinion  to  start  with  the  size  of 
the  low-pressure  cylinder.  In  designing  a  compound  locomotive 
to  work  with  the  same  boiler  pressure  and  the  same  number  of 
expansions  as  a  simple  engine,  the  low-pressure  cylinder  should  be 
made  of  the  same  capacity  as  the  combined  caj)acities  of  the  tw^o 
cylinders  in  the  simj)le  engine;  and  after  this  had  been  done,  the 
high-pressure  cylinder  should  then  be  proportioned  to  whatever  size 
was  best  in  practice.  In  locomotive  practice  it  would  probably  be 
necessary  to  make  the  high-pressure  cylinder  rather  larger  than  one 
of  the  single  cylinders  in  an  ordinary  locomotive,  in  order  to  get 
sufficient  j)ropelling  power  at  starting.  But  the  size  of  the  high- 
pressure  cylinder  could  be  varied  within  large  limits  without 
materially  affecting  the  total  power  exerted  by  the  engine,  although 
thereby  affecting  the  economy  and  the  initial  strains  on  the  working 
gear  of  the  two  cylinders. 

Eeferring  to  the  indicator  diagrams  exhibited,  it  seemed  to  him 
useless  to  show  diagrams  combined  in  that  manner,  because  it  was 
impossible  to  tell  from  them  whether  the  steam  was  doing  its  proper 
relative  duty  in  the  two  cylinders.  In  each  instance  the  low-pressure 
diagram  ought  to  be  shifted  further  towards  the  termination  of  the 
stroke  ;  and  it  would  then  be  found  that  the  toe  of  the  low-pressure 
diagram  would  most  probably  touch  the  theoretical  expansion  curve 
as  continued  from  the  high-pressure  diagram.  (See  Proceedings 
1879  page  359,  and  1887  page  64.) 
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Mr.  James  Holden  said  tlio  Great  Eastern  Railvt-ay  Lad  now  twelve 
compound  engines,  eleven  of  which  were  passenger  exjiress  engines, 
with  7-feet  couiiled  driving  wheels,  and  cylinders  18  x  21  inches 
high-pressure  and  26  X  21  inches  low-pressure  ;  and  one  was  a  goods 
engine,  with  six  coujiled  wheels  of  4  feet  10  inches  diameter,  and 
cylinders  of  the  same  size  as  those  of  the  passenger  engines  ;  all 
had  a  boiler  pressure  of  160  lbs.  per  square  inch.  There  had 
been  no  difficulty  whatever  in  maintaining  steam,  although  the  blast 
was  naturally  very  soft.  Except  just  at  first,  there  had  been  no 
difficulty  in  manipulation ;  just  at  the  very  outset  there  had 
sometimes  been  a  little  difficulty,  arising  probably  from  nervousness 
on  the  part  of  the  drivers.  Going  out  from  Liverpool  Street  there 
was  an  ascending  incline  of  1  in  70  to  go  up,  half  a  mile  long, 
with  a  stop  signal  in  the  middle ;  and  sometimes  when  that  signal 
was  against  the  drivers,  before  they  were  thoroughly  accustomed 
to  the  compound  engines,  they  would  slacken  speed  in  order  not 
to  be  brought  to  a  stand,  and  would  bring  the  engine  so  nearly  to 
a  stand  that  at  last  they  would  be  afraid  it  would  come  entirely 
to  a  stand ;  and  they  would  then  admit  the  boiler  steam  direct 
into  the  low-pressure  cylinder,  with  the  result  that  they  sent  the 
wheels  spinning  round,  just  doing  what  they  were  trying  to  avoid. 
But  that  objection  had  now  been  entirely  overcome,  and  he  did  not 
know  of  an  instance,  for  the  last  two  years  at  any  rate,  where 
anything  of  that  kind  had  occurred.  It  was  a  very  natural  result 
in  the  early  stages,  when  the  men  had  bad  no  experience  of  any 
compound  engine,  and  had  everything  to  learn. 

With  regard  to  economy,  as  compared  with  sister  engines  built 
exactly  the  same  in  every  respect — except  in  being  non-compound 
instead  of  compound,  and  with  a  boiler  pressure  of  only  110  lbs. 
instead  of  160  lbs.,  and  a  single  pair  of  leading  wheels  instead 
of  a  bogie — the  economy  of  fuel  in  favour  of  the  compounds  had 
been  about  14  per  cent.,  and  the  economy  of  water  about  8  per  cent. 
In  respect  of  wear  and  tear,  so  far  as  he  was  aware  there  was 
no  difference  whatever  between  a  compound  and  a  non-compound, 
with  the  possible  exception  of  the  pistons,  which  had  at  first  been 
•constructed  without  tail  rods,  and  there  had  then  been  a  slight  wear 
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upon  tlio  bottom  side  of  the  low-pressure  cylinders  at  their  front 
end ;  but  since  the  piston-rods  had  been  carried  through,  there  had 
been  no  difficulty  whatever  in  that  respect.  There  was  also  no 
increase  in  the  quantity  required  of  small  stores,  such  as  oil  and 
tallow ;  and  as  far  as  he  was  aware  there  was  no  extra  expense 
of  any  kind  in  working  the  compounds.  There  had  been  a 
little  difficulty  with  the  fire-box  stays  in  some  of  the  compound 
engines ;  but  he  did  not  attribute  that  at  all  to  the  system  of" 
compounding,  which  could  not  have  anything  to  do  with  it.  Nor 
were  the  boilers  in  any  sense  the  worse  for  wear,  except  the  ordinary 
wear  and  tear  corresponding  with  their  mileage.  But  on  this 
account  the  working  pressure  had  been  reduced  from  160  lbs. 
to  140  lbs.,  with  the  result  that  the  comparative  saving  in  the  fuel 
had  thereby  been  reduced  from  14  to  only  2  per  cent. ;  which  led 
him  to  think  that  it  was  necessary  in  compounding  to  employ  a 
higher  pressure  probably  than  could  be  economically  used  in  the 
non-compound  engine  with  the  short  stroke  to  which  a  locomotive 
was  limited.  At  the  present  time  he  was  building  boilers  to  work 
at  a  pressure  of  175  lbs.  per  square  inch ;  and  he  also  purposed 
putting  one  boiler  at  least,  if  not  two,  to  work  at  175  lbs.  in  non- 
compound  engines,  so  as  to  arrive  by  actual  experiment  at  the 
relative  value  of  compounding  and  non-compounding  when  working 
at  the  same  boiler  pressure,  as  regarded  both  traction  and. 
maintenance. 

Mr,  Arthur  Paget,  Vice-President,  enquired  whether  Mr;. 
Holden's  engines  had  any  special  starting  valve  or  other  special 
arrangement  for  starting. 

Mr.  HoLDEN  replied  that  the  whole  of  the  engines  were  fitted 
with  the  Worsdell  and  v.  Borrics  starting  valve.  They  were  the 
original  engines  built  by  Mr.  Worsdell,  excepting  only  the  goods 
engine  which  had  since  been  constructed  by  himself. 

Mr.  Alexander  McDonnell  considered  that  theoretically  the 
compound  system  ought  to  be  an  economical  mode  of  using  steam ;. 
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but  he  tbouglit  more  informatiou  was  required  as  to  the  wear  and 
tear  of  the  compound  engines,  and  particularly  of  the  boiler,  which 
might  be  more  expensive  than  the  old  boiler.  He  could  not  imagine 
that  two  or  three  or  four  cylinders  with  their  necessary  gear  could 
bo  as  economical  as  one  pair  of  cylinders.  With  regard  to 
coui)ling-rods,  he  had  not  found  that  when  properly  constructed 
they  were  attended  with  much  disadvantage,  and  had  not  experienced 
much  difficulty  with  them,  and  he  had  therefore  never  objected  much 
to  them  ;  but  of  course,  if  they  could  be  got  rid  of  without  any 
consequent  disadvantages,  it  would  be  desirable  to  do  away  Vvith 
them.  There  was  a  great  deal  more  economy,  he  thought,  to  be 
effected  upon  railways  by  other  means  besides  compounding  the 
engines ;  and  it  would  be  quite  as  useful  for  railway  engineers  to 
turn  their  attention  to  those  other  means  as  to  pay  so  much  regard 
to  the  question  of  compounding,  particularly  in  this  country.  But 
the  compound  system  shoiild  not  be  neglected,  merely  because  it 
might  not  suit  in  England  where  the  j^rice  of  coal  was  low ;  for  it 
presented  of  course  certain  advantages  which  might  be  obtained  iu 
other  countries  where  the  price  of  coal  was  much  higher  than 
in  England. 

It  should  be  remarked  that  nearly  all  the  experiments  had  been 
made  upon  compound  engines  working  under  circumstances  well 
adapted  to  show  their  economy.  A  compound  locomotive  would  work 
advantageously  if  it  was  working  with  a  heavy  uniform  load ;  but 
the  same  engine  might  not  work  so  economically  with  a  small  load  or 
at  a  low  speed.  Having  once  built  some  goods  engines  with  18-inch 
cylinders  instead  of  the  ordinary  standard  17-inch  cylinders,  in  the 
expectation  of  getting  a  better  result,  he  had  not  succeeded  in  doing  so  ; 
indeed  the  result  was  not  quite  satisfactory;  and  the  reason  was  that, 
although  the  18-ineh  cylinder  engines  worked  economically  with  a 
heavy  load,  they  did  not  work  economically  with  a  light  load.  In 
this  country  a  locomotive  was  hardly  ever  working  continuously 
with  its  full  load.  An  engine  would  start  with  fifty  wagons, 
but  before  reaching  the  end  of  its  journey  it  might  have  no  more 
than  ten.  The  average  load  of  an  engine  was  seldom  much  more 
than  half  its  maximum  load.     Therefore  an  engine,  which,  if  it  was 


Jax.  1889.  COMPOUND    LOCOMOTIVES.  127 

working  tlie  wliole  time  with  a  miaximum  load,  would  be  economical, 
might  not  be  economical  if  working  part  of  its  time  with  a  small 
load.  An  engine  had  to  take  its  turn  with  slower  trains  and  lighter 
loads  ;  and  when  it  got  to  be  an  old  engine  it  had  to  go  on  branch 
lines  and  work  there.  Therefore  figures  like  those  given  in  the 
paper  ought  to  be  received  with  a  certain  amount  of  caution,  not 
because  they  were  not  reliable  when  the  circumstances  were 
understood  under  which  they  were  arrived  at,  but  because  those 
circumstances  did  not  cover  all  the  ground  required.  The  further 
information  however  that  he  desired  with  regard  to  the  wear  and  tear 
of  the  compound  engines  could  not  be  expected  without  a  longer 
experience  extending  over  a  series  of  years.  It  would  be  better, 
he  thought,  for  those  who  advocated  the  compound  system  to 
admit  at  once  that  there  must  be  a  greater  exjiense  attending  it 
in  first  cost.  Whether  it  was  wise  to  incur  that  greater  exj^ense 
or  not,  he  did  not  know ;  but  with  three  cylinders,  and  additional 
starting  gear,  and  various  kinds  of  safety-valves,  and  other  special 
contrivances,  the  cost  must  be  higher,  although  the  extra  expense 
might  not  be  serious. 

The  President  asked  if  Mr.  McDonnell  could  give  his  exjoerience 
as  to  what  had  been  the  actual  disadvantage  of  the  larger  18-inch 
cylinders  which  he  had  substituted  for  17-inch  cylinders  in  ordinary 
locomotives.  Had  it  come  within  his  own  experience  that  the 
employment  of  higher  pressures  in  simple  engines  had  effected  like 
economies  to  those  claimed  for  the  compound  locomotive  ? 

Mr.  McDonnell  replied  that  the  information  he  had  to  give  on 
those  points  was  rather  at  second  hand.  The  Great  Southern  and 
Western  Eailway  of  Ireland  had  worked  express  passenger  trains 
from  Dublin  to  Cork  with  engines  having  17-inch  cylinders  and 
22-inch  stroke  and  140  lbs.  boiler  pressure.  After  he  left  that  line 
some  passenger  engines  had  been  built  by  Mr.  Aspinall  of  exactly 
the  same  kind,  but  with  a  boiler  pressure  of  160  lbs.  These  two 
classes  of  engines  were  working  trains  very  well  adapted  to  show 
economy  in  such  a  case,  because  they  were  always  working  express 
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passenger  trains  and  nothing  else ;  they  were  working  with  a 
uniform  load  at  a  high  speed,  and  therefore  exerting  a  considerable 
amount  of  power.  They  ran  from  Dublin  to  Cork,  165  miles,  in 
something  under  four  hours,  with  three  stops,  one  of  ten  minutes, 
so  that  the  speed  was  good ;  and  they  had  an  average  load  of 
10^  carriages,  carrying  the  American  mails.  He  was  informed  by 
Mr.  Ivatt,  the  present  locomotive  engineer  of  the  railway,  that  in  June, 
July,  and  August  1883  the  engines  with  the  lower  pressure  worked 
with  a  consumption  of  Welsh  coal  varying  from  25^  to  2G^  lbs. 
per  train-mile.  In  June,  July,  and  August  1884  the  new  engines 
with  20  lbs.  more  boiler  pressure  worked  the  same  trains  with  an 
average  consumption  of  about  4  lbs.  less  of  coal.  The  whole  of  this 
economy  was  not  attributed  by  Mr.  Ivatt  to  the  increased  pressure,  as 
he  thought  there  were  other  things  which  partly  caused  the  economy, 
such  as  a  rather  larger  blast-pipe  &c.  That  was  a  very  good 
experiment  as  showing  the  saving  consequent  on  the  higher  boiler 
pressure.  In  the  case  he  had  previously  mentioned,  the  18-inch 
cylinder  engines  had  been  working  goods  trains  ;  and  goods  engines, 
altho\;gh  working  economically  at  a  full  load,  were  not  working 
economically  at  a  light  load,  and  such  engines  were  necessarily 
working  at  a  light  load  for  part  of  their  time. 

Mr.  John  G.  Maie,  Member  of  Council,  thought  rather  a  better 
result  would  have  been  got  out  of  some  of  the  compound  engines,  if 
their  heating  surface  and  grate  surface  had  not  been  contracted  as 
they  seemed  to  be.  For  from  Table  11  it  appeared  that  on  the  Great 
Eastern  Eailway  the  evaporation  of  the  compound  engine  there 
referred  to  was  only  7  •  9  lbs.  of  water  per  lb.  of  coal,  while  with  the 
ordinary  engine  it  was  8  •  2  lbs.  of  water  per  lb.  of  coal.  He  should 
therefore  like  to  know  what  the  relative  heating  surfaces  and  grate 
areas  were  in  the  two  engines  there  compared. 

Mr.  WoRSDELL  replied  that  they  were  exactly  the  same  in  the 
two  engines. 

Mr.  Mair  thought  that,  the  heating  surfaces  being  exactly  the 
same  in  both  cases  and  the  grate  surfaces  also  the  same,  it  seemed 
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rather  anomalous  to  got  a  smaller  evaporation  of  -^-ater  per  lb.  of 
coal  in  the  compound  engine  where  there  was  less  water  to  evaijorate, 
than  in  the  other  engine  where  there  was  more  water  to  evaporate. 
It  had  been  stated  by  Mr.  Holden  (page  124)  that  the  saving  of  fuel 
in  the  compound  had  been  about  14  per  cent.,  while  the  saving  of 
water  had  been  only  about  8  per  cent.  Hence  he  should  have 
inferred  that  the  rest  of  the  14  per  cent,  saving  in  fuel  must  be  due 
to  the  better  evaporation  obtained  in  the  compound ;  but  this 
conclusion  did  not  correspond  with  Table  11,  where  the  evaporation 
seemed  better  in  the  ordinary  engine  than  in  the  compound. 

Mr.  Deuitt  Halpin,  referring  to  the  recommendation  in  page  9G 
of  the  paper  that  the  capacity  of  the  intermediate  receiver  should  be 
at  least  equal  to  that  of  the  high-pressure    cylinder,  thought  the 
larger  the  intermediate  receiver  could  be  got,  the  better,  provided  it 
could  be  got  larger  without  paying  extra  for  it  in  one  way  or  another. 
Apparently  the   only  price    to   be    paid   for    it   in   the   comjiouud 
locomotives  shown  in  the  drawings  was  that  of  the  extra  cast-iron 
pipes  in  the  smoke-box,  of  which  material  he  did  not  approve  for 
locomotives ;  but  it  had  not  here  to  be  paid  for  in  the  sense  in  which 
it  often  had  to  be  paid  for  in  other  engines,  namely  by  radiation  or 
loss  of  heat.     In  fact  the  reverse  was  here  the  case  :  a  drying  of  the 
steam  was  obtained,  which  was  exceedingly  useful ;  and   therefore 
the  larger  the  receiver  could  be  got,  the  better  would  the  results 
be  in  all  such    engines.     With  regard  to  Mr.  Banderali's  remarks 
(page  120)  about  the  receivers  in  his  Woolf  engines,  in  these,  as  in 
similar  tandem  marine  engines,  it  was  much  better  he  believed  to 
have   only   one  large  receiver,  instead  of  trying  to   carry  out  the 
Woolf  system  in  an  indirect  way  with  exhaust  and  steam  passages 
which  were  too  long  to  be  passages  and  too  short  to  form  receivers. 
By  simply  putting  one  large  common  cylinder  to  serve  as  a  receiver 
between    the   two  high-pressure   cylinders,   and  letting  them  both 
exhaust  into  that,  and  also  letting  the  two  low-pressure  cylinders 
draw  out  of  that  again,  much  more  uniform  and  favourable  results 
would  be  obtained. 

In  page  90  reference  was  made  to  the  means  adopted  for  rendering 
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tbo  work  equal  in  both  cylinders,  by  altering  the  lengtb  of  tbc 
lifting  links  or  altering  tbe  angle  of  tbe  levers  on  the  reversing  shaft. 
That  was  a  well-known  plan,  which  had  been  used  long  before 
anything  had  been  said  about  compounding  locomotives.  It  was 
used  largely  on  the  Clyde  in  marine  engines,  in  which  a  uniform 
distribution  of  power  was  effectively  obtained  by  simi)ly  altering 
the  angle  of  the  levers  or  the  length  of  the  links. 

As  to  the  blows  on  the  cranks  and  crank-pins  being  less  severe 
in  the  compound  engine  (page  8G),  this  he  considered  was  a  matter  of 
degree.  In  fast-running  engines  with  30-inch  cylinders  he  had 
jilotted  tlie  effect  out  in  the  form  of  a  diagram  for  a  speed  of  50  miles 
an  hour,  and  the  result  had  distinctly  been  that  in  that  particular 
instance  there  was  no  blow  at  all ;  on  the  contrary  the  crank  was 
pulling  the  piston  at  starting,  in  consequence  of  the  inertia  of  the 
piston  and  rods  being  so  great.  In  those  fast-running  locomotives 
therefore  the  inertia  came  in  very  materially  to  modify  the  supposed 
blows  on  the  cranks. 

The  relative  advantages  or  otherwise  of  two  or  three-cylinder 
compound  engines  constituted  a  large  question,  and  there  was  a  great 
deal  to  be  said  on  both  sides.  One  fact  however  should  not  be  lost 
sight  of,  although  unfortunately  the  accurate  data  available  in  regard 
to  it  were  limited.  With  simple  two-cylinder  engines,  having  four 
wheels  coupled,  experiments  had  been  made  by  the  late  locomotive 
superintendent  of  the  Eastern  Eailway  of  France,  M.  Eegray,  with 
the  greatest  possible  care  and  with  the  best  apparatus ;  and  the  result 
arrived  at  was  that,  out  of  100  I. HP.  in  the  cylinders,  43  HP.  only 
was  available  on  the  draw-bar.  The  loss  of  57  per  cent,  was  rather 
a  high  price  to  pay  for  the  efficiency  of  the  engine.  How  much  of 
that  loss  was  due  to  coupling-rods  no  one  could  yet  say ;  but  a 
considerable  amount  of  it  must  be  due  to  the  rods,  because  it  was 
known  that  large  engines  with  a  single  pair  of  driving  wheels  not 
coupled  were  doing  their  work  more  economically,  while  advanced 
locomotive  engineers  who  had  not  yet  gone  in  for  compounding  were 
at  any  rate  going  back  to  the  single  pair  of  driving  wheels. 
IMoreover  that  astonishing  loss  of  57  per  cent,  had  been  confirmed 
independently  on  the  Pennsylvania  Pailroad,  in  trials  made  with  an 
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engine  Laving  18 j  X  24  ins.  cylinders  and  6  ft.  6  ins.  wlieels  four 
coupled  ;  by  taking  indicator  diagrams  up  to  65  miles  an  hour,  wliicli 
were  professed  to  be  taken  correctly,  the  power  on  the  draw-bar  was 
found  to  be  only  42  per  cent,  of  tliat  in  the  cylinders,  or  only  1  per 
cent,  less  than  in  the  French  experiments.  It  was  therefore  an  open 
question,  on  Avhich  it  was  much  to  be  desired  that  information  could 
be  given,  as  to  what  the  actual  loss  was  by  the  coupling-rods.  It 
would  never  be  solved,  he  believed,  by  trials  made  on  the  road ;  there 
was  no  other  way  of  getting  at  it,  he  thought,  than  by  the  method 
followed  by  M.  Borodin  (Proceedings  1886,  page  298),  which 
unfortunately  however  had  not  been  carried  far  enough  for  this 
j)articiilar  purpose  : — namely  by  running  the  engine  stationary  in  the 
shed,  and  absorbing  the  power  by  a  brake,  and  measuring  the  results 
accurately.  That  was  the  direction  in  which  he  thought  engineers 
should  go,  analysing  the  engine  piece  by  piece  to  ascertain  the 
friction,  as  had  been  shown  by  Professor  Thurston  in  a  paper  * 
lately  read  to  the  American  Society  of  Mechanical  Engineers,  so  that 
it  might  really  be  known  where  the  loss  of  power  occurred ;  because 
a  loss  of  57  per  cent,  was  rather  too  much  to  pay  for  the  working  of 
the  machine  itself. 

The  indicator  diagrams  shown  in  Figs.  38  and  39,  Plate  35, 
gave  evidence  of  the  old  trouble  of  throttling  the  steam  at  the 
beginning  of  the  stroke.  After  steam  had  been  produced  at  high 
pressure  in  expensive  boilers  made  with  great  care,  there  was  then  a 
loss  of  from  10  to  25  lbs.  pressure  on  entering  the  cylinder,  without 
any  corresponding  useful  result.  To  attempt  to  force  steam  at 
abnormal  speeds  through  small  pipes  was  bad  practice;  and  where,  as 
•in  the  case  of  the  locomotive,  there  was  no  radiation,  it  was  a  matter 
of  only  a  small  extra  cost  of  copper  to  make  the  steam  jjipes  large 
•enough,  and  the  valves  also  large  enough.  When  once  steam  had 
loeen  made  in  the  boiler  at  a  pressure  of  150  or  170  lbs.,  it  should  be 
used  at  that  pressure  without  wire-drawing ;  he  had  not  much  faith 
in  any  advantage  being  obtained  by  superheating  and  wire-drawing. 
Similarly    the    back    pressure    shown    in   some   of  the  high-speed 

*  "  Engineering,"  January  1889,  pages  22,  47,  and  G8. 
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diagrams  from  the  largo  cylinder  denoted  too  small  a  size  of  the 
cxLaust  pipe  for  tlae  speed ;  from  one  of  tlie  diagrams  in  Fig.  38  lie 
had  calculated  that  as  much  as  117  horse-power,  meaning  5 '95  lbs. 
of  coal  per  mile,  ^vas  lost  in  consequence,  being  absolutely  wasted  in 
simply  i)um2nng  the  steam  out  of  the  large  cylinder  and  forcing  it 
up  the  chimney.  That  was  the  loss  at  the  bottom  of  the  diagram 
alone  :  what  it  was  at  the  top  he  did  not  know. 

For  the  intercepting  valves  shown  in  the  drawings  he  did  not  see 
the  necessity ;  he  was  himself  working  in  a  different  direction,  and 
thought  that  in  compounding  he  could  obtain  the  desired  result  without 
much  inconvenience.  In  Figs.  IG  and  18,  Plate  27,  was  shown  a  plan 
which  he  should  certainly  be  afraid  to  trust.  What  guarantee  was 
there  that  the  two  long  slender  rams  It  E,  which  had  to  slide  in 
and  out  of  their  sockets  whenever  the  valve  worked,  were  kept 
tight  under  175  lbs.  pressure  of  steam  ?  This  he  hardly  thought- 
could  be  done ;  and  if  they  were  leaking  at  all,  there  would  be  no 
knowing  how  much  steam  was  going  into  the  high-j)ressure  cylinder 
and  how  much  into  the  low-pressure,  or  how  much  was  going 
through  the  high-pressure  into  the  low-pressure. 

The  limit  to  the  diameter  of  cylinder  with  which  non-compound 
locomotives  could  be  economically  worked  was  a  complicated 
question,  because  there  were  both  advantages  and  disadvantages  in 
the  use  of  larger  cylinders  and  higher  speed.  Not  only  was  the 
knock  or  blow  on  the  cranks  greatly  reduced  by  the  increased 
inertia  at  higher  sjieeds,  but  also  the  initial  condensation  and  the 
condensation  during  expansion  were  likewise  greatly  reduced  by 
the  higher  speeds  at  which  engines  with  larger  cylinders  would  have 
to  run  in  order  to  work  uj)  to  their  full  power. 

Mr.  Thomas  W.  AYoesdell,  Member  of  Council,  referring  to  the 
remarks  received  from  Mr.  Johnson  (page  118),  did  not  doubt  for  a 
moment  that  there  was  an  economy  of  fuel  in  the  use  of  higher  boiler 
pressure  and  larger  cylinders  in  non-compound  locomotives ;  but  it 
required  a  good  deal  of  further  information  to  understand  whether 
there  was  a  real  economy  throughout  the  absolute  work  jjerformed  by 
engines  which  had  a  high  initial  pressure  i;pon  their  j^istons.     For 
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instance,  taking  the  boiler  pressure  of  a  nou-compouncl  engine  at 
170  lbs.,  and  admitting  this  full  pressure  at  once  ujoon  the  piston,  it 
would  be  continued  to  the  point  of  cut-off,  according  to  the  amount  of 
expansion  required  for  the  work  to  be  performed.    The  exhaust  steam 
remaining  as  back-pressure  against  the  piston  was  from  5  to  10  lbs., 
according  to  the  speed  of  the  engine.     Assuming  it  to  be  10  lbs., 
there  remained  an  effective  pressure  of  160  lbs.  upon  the  piston,  and 
through  the  piston  upon  the  cross-heads,  the  gudgeons,  the  crank-pins, 
and  the  axles.     This  pressure,  if  the  steam  was  used  expansively 
to  the  best  advantage,  occurred  only  in  the  very  early  part  of  the 
stroke,  and  became  therefore  what  was  called  a  knocking  or  bumping 
pressure,  admitted  at  the  beginning  of  the  stroke  and  cut  oft'  early. 
The  compound  engine,  starting  with  the  same  initial  pressure   of 
170  lbs.,  did  not  exhaust  up  the  chimney  the  whole  of  the  steam  from 
the  high-pressure  cylinder  as  in  the  case  of  a  non-compound  engine, 
thus  wasting  it :  the  exhaust  steam  from  the  high-pressure  cylinder 
Avas  reserved  in  a  receiver,  in  order  then  to  be  put  into  the  larger 
low-pressure  cylinder.     Thus  the  high-pressure  cylinder  became  part 
of  the  receiver,  storing  up  its  exhaust  steam  for  the  work  of  the  low- 
j)ressure  cylinder.     According  to   the  indicator  diagram  shown  in 
Fig.  37,  Plate  34,  the  exhaust  or  back-pressure  in  the  high-pressure 
cylinder  would  be  about  50  lbs. ;  and  deducting  that  50  lbs.  from 
170  lbs.  would  leave  120  lbs.  actual  effective  pressure  upon  the  working 
parts  of  the  high-pressure  cylinder,  instead  of  the  160  lbs.  effective 
pressure  in  the  non-compound  engine.    Therefore  there  was  less  initial 
strain  on  the  working  parts  in  the  compound  engine.    Moreover  it  was 
necessary  in  compounding   to   prolong  the  initial  pressure  a  little 
further  in  the  high-pressure  cylinder,  so  as  to  get  the  lower  effective 
pressure  continued  over  a  longer  arc  of  the  crank,  trusting  to  the 
low-pressure  cylinder  for  completing  the  ultimate  expansion.     In  the 
latter  cylinder  the  pressure  was  only  50  lbs.  on  admission,  and  this 
low  initial  pressure  was  therefore  easily  worked  down  by  expansion 
to  a  comparatively  low  pressure  at  its  release.     Hence  in  his  own 
opinion  it  required  no  immediate  present  experience  to  tell  what 
must   be   the   result   of  working   those   high   pressures   upon   non- 
-compound  engines  as  compared  with  compound  engines  :  they  might 
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result  in  a  saving  of  fuel,  and  no  douLt  would  do  so  ;  but  wLetbcr 
tlicrc  would  be  a  saving  in  otliei-  respects  was  a  matter  wliicli 
remained  at  any  rate  an  open  (question,  although  he  had  no  hesitation 
about  the  result  himself.  Mr.  Webb  had  recently  told  him  that  his 
three-cylinder  compound  engines  were  equal  to  ordinary  engines 
having  a  jjair  of  20-inch  cylinders.  But  he  certainly  should  not 
like  to  work  a  pair  of  20-inch  cylinders  at  the  ordinary  140  lbs.  initial 
pressure,  cutting  off  at  a  small  jicrcentage  of  the  stroke,  as  he  knew 
quite  well  what  the  result  would  be :  the  engines  would  have  to  como 
into  the  shop  in  a  very  short  time  for  repairs  to  the  axle-boxes,  for 
there  would  be  so  much  knocking  that  they  would  want  repairing 
very  soon.  As  a  matter  of  fact  his  compound  engines  had  now  been 
running  for  about  three  years,  doing  very  heavy  goods  service  and 
averaging  over  45  loaded  wagons  daily  for  long  journeys  ;  they  had 
not  been  in  the  shops  for  two  years  and  ten  months. 

He  had  no  wish  at  all  to  speak  unduly  favourably  of  the  compound 
engine,  having  simjdy  used  it  for  the  sake  of  the  advantages  which 
it  appeared  to  him  to  present  at  the  time  when  he  hapi)ened  to  go 
from  a  railway  where  fuel  was  cheap  to  one  where  fuel  was  dear — 
more  than  double  the  price.  Knowing  that  compound  engines  were 
receiving  some  attention  abroad,  and  recently  in  this  country  from 
Mr.  Webb,  he  began  to  reflect  upon  what  he  could  do,  although  not 
in  a  position  to  go  into  the  matter  with  such  boldness  as  Mr.  Webb 
could  aflbrd  to  do,  because  he  was  at  that  time  a  stranger  upon 
another  railway.  Finding  after  calculation  that  there  was  a 
considerable  chance  of  saving  fuel  by  compounding,  he  thought  it 
would  be  wise  to  make  some  experiments  ;  and,  as  already  mentioned 
by  Mr.  Holden  (page  125),  he  made  one  compound  locomotive  for  the 
Great  Eastern  Eailway.  It  was  at  once  foimd  impossible  to  start 
the  engine  by  the  method  ordinarily  employed  of  simply  admitting 
high-pressure  steam  into  the  low-pressure  steam-chest.  Having 
to  face  this  difficulty  with  the  engine  already  built,  and  having 
determined  that  the  compound  principle  must  be  of  some  advantage, 
he  bad  then  to  follow  it  out  by  introducing  a  starting  valve  similar 
to  that  shown  in  Plate  31  :  after  wliich  there  was  no  difficulty 
whatever,  the  valve  giving  every  facility  for  starting  with  the  two- 
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cylinder  locomotive.  On  tlie  Nortli  Eastern  Eailway  lio  liad  now 
76  of  these  compound  engines,  and  -was  still  going  on  building  them. 
AVith  the  same  size  of  high-pressure  cylinder  there  was  the  same 
facility  for  starting  as  in  an  ordinary  locomotive,  provided  that  the 
high-pressure  crank  was  in  a  favourable  position  for  starting.  But 
if  the  high-pressure  crank  was  on  its  dead  centre,  it  became 
necessary  to  trust  to  the  low-pressure  cylinder  for  starting,  which 
was  done  by  simply  admitting  the  boiler  steam  through  a  small  pipe 
direct  into  the  low-pressure  steam-chest.  At  the  same  time  the 
boiler  steam  had  to  be  prevented  from  getting  back  to  the  exhaust 
side  of  the  high-pressure  piston  ;  and  hence  the  use  of  the  intercepting 
valve.  For  this  purpose  Mr.  v.  Berries  employed  a  disc  valve  working 
on  a  horizontal  spindle ;  while  he  himself  preferred  a  flap  valve  of 
the  kind  shown  in  Fig.  28,  Plate  31.  Immediately  the  intercepting 
valve  was  shut,  the  boiler  steam  entering  through  the  small  pijie 
passed  down  into  the  steam-chest  of  the  low-pressure  cylinder.  As  the 
low-jiressure  piston  was  double  the  area  of  the  high-pressure,  it  was 
manifest  that  it  could  start  much  more  easily ;  and  the  drivers  were 
always  glad  when  the  low-pressure  crank  was  in  the  starting  position, 
because  then  the  engine  could  always  start  more  easily  than  with 
the  other  crank.  The  use  of  the  intercepting  valve  or  flap  valve, 
according  to  either  Mr.  v.  Borries'  arrangement  or  his  own,  was 
quite  necessary  for  preventing  the  boiler  steam  from  getting  back 
into  the  reverse  end  of  the  high-pressure  cylinder  through  the  exhaust 
port,  and  thereby  blocking  the  piston.  That  might  occur  frequently, 
or  it  might  occur  very  rarely  ;  but  it  generally  did  manage  to  occur 
when  the  low-pressure  crank  was  in  an  awkward  jjosition  for  starting. 
He  was  very  glad  to  hear  Mr.  Bauderali's  experience  of 
compounding  (page  119),  because  the  whole  subject  of  compounding 
was  at  the  present  time  of  the  greatest  interest.  He  was  perfectly 
satisfied  with  what  he  had  himself  succeeded  in  doing  so  far,  and  he 
hoped  to  do  a  little  better  further  on.  He  desired  however  to  avoid 
changing  the  general  style  of  the  engine,  while  endeavouring  in 
respect  of  economy  to  follow  the  marine  engineers,  who  had  done  so 
much  and  in  such  a  short  time  for  the  development  of  expansion. 
But  in  a  locomotive  engine,  w^hich  had  to  carry  itself  from  place  to 
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place  at  such  a  rapid  speed,  it  was  necessary  to  use  the  fewest  possible 
parts,  and  to  keep  down  tlie  weight  of  the  engine  within  the  lightest 
possible  limits,  especially  as  it  was  not  to  be  expected  that  the  speed 
could  be  reduced  as  the  weight  of  the  trains  increased ;  on  the 
contrary  the  speeds  unfortunately  increased  and  the  weights  of  the 
trains  increased  also.  He  thought  therefore  that  he  was  justified  in 
trying  as  far  as  possible  to  keep  to  the  simpler  arrangement  of  two 
cylinders  in  the  compound  locomotives,  with  a  view  to  attain  if 
possible  the  results  that  were  desired.  The  compound  bogie 
passenger  engine  shown  in  Plates  29  and  30  was  able  to  take  any 
reasonable  train  at  any  reasonable  speed  that  might  be  required  by 
any  railway  in  this  country.  It  was  now  running  daily  the  Scotch 
express  from  York  to  Newcastle,  and  from  Newcastle  to  Edinburgh. 
The  18-inch  high-pressure  cylinder  and  the  2C-inch  low-pressure 
were  both  of  them  inside  cylinders ;  the  stroke  was  24  inches,  and 
the  driving  wheels  were  6  ft.  8j  ins.  diameter.  The  engine  had  no 
difficulty  at  all  in  running  with  a  light  or  a  heavy  train,  up  to  as  heavy 
a  train  as  it  could  take  at  the  speed  required  :  notwithstanding  what 
had  been  said  about  the  difficulty  of  doing  both  light  work  and  heavy 
work  with  a  compound  engine.  As  a  matter  of  fact  the  accelerated 
Scotch  express  running  in  August  last  had  been  taken  by  an  engine 
of  this  class  regularly  the  124^  miles  from  Newcastle  to  Edinburgh, 
and  alternately  from  York  to  Newcastle ;  the  train  had  sometimes 
eight  vehicles  and  sometimes  nine,  but  averaged  seven.  The  speed 
•was  very  great,  but  no  difficulty  was  experienced.  The  same  engine 
was  now  running  the  express  over  a  longer  distance  with  twelve  to 
fourteen  carriages,  proving  that  the  compound  locomotive  was  adapted 
to  varying  circumstances. 

The  President  asked  whether  it  was  with  a  like  economy  that 
the  compoand  engine  took  a  light  train  and  a  heavy  train. 

Mr.  WoRSDELL  replied  that  it  was  not  so ;  the  economy  was 
dependent  upon  the  work  done,  that  is  there  was  a  greater  saving 
with  a  heavier  than  with  a  lighter  train.  What  he  wished  to  correct 
was  the  impression  that  if  the  size  of  the  cylinders  were  increased 
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the  compound  engine  would  be  incapable  of  doing  ligbt  work  ;  on  tlie 
contrary  he  maintained  that  it  was  capable  of  doing  light  work.  But 
it  was  not  so  capable  of  running  fast  down  hill,  unless  a  special 
arrangement  was  provided  for  relieving  the  counter-pressure  in  the 
large  low-pressure  cylinder,  which  at  that  time  ofiered  a  great 
resistance  ;  a  relief  valve  had  consequently  to  be  provided  in  the  low- 
pressure  cylinder  to  obviate  that  objection. 

Not  having  paid  much  attention  to  the  capacity  of  the  steam 
reservoir  between  the  high  and  low-pressure  cylinders,  he  was  unable 
to  say  how  large  it  should  be,  but  he  believed  the  larger  the  better  ; 
and  he  therefore  considered  Mr.  Banderali  was  right  in  making  it 
Ih  times  the  joint  capacity  of  the  two  small  high-pressure  cylinders 
in  the  four-cylinder  express  compound  which  he  had  mentioned 
(page  120). 

The  absence  of  the  coupling-rods  he  had  no  doubt  was  a  great 
advantage  according  to  circumstances ;  but  also  according  to 
circumstances  their  presence  was  no  less  a  great  advantage.  For 
instance,  if  it  were  required  to  distribute  a  large  amount  of  cylinder 
power  through  wheels  of  small  diameter  in  order  to  obtain  a  great 
power  of  traction,  it  was  necessary  to  have  some  means  of  coupling 
the  wheels  together  ;  whence  had  arisen  in  this  country  the  six-wheel 
coupled  goods  engines,  and  in  foreign  countries  the  eight- wheel 
coupled  with  very  small  wheels  ;  for  it  was  manifest  that,  if  cylinders 
equal  to  the  power  required  were  set  to  drive  only  one  single  pair  of 
Avheels,  it  was  not  likely  that  sufficient  adhesion  would  be  obtained 
for  propelling  the  load.  At  the  Manchester  exhibition  in  1887  he 
had  noticed  an  engine  with  eight  wheels,  of  which  six  were  driven, 
■and  with  three  cylinders  on  the  principle  of  Mr.  Webb,  who  had 
started  with  the  idea  that  no  coupling-rods  were  required.  The  two 
high-pressure  cylinders  were  connected  to  one  pair  of  wheels,  which 
however  was  coupled  to  another  pair ;  so  that  the  two  high-pressure 
cylinders  drove  two  pairs  of  wheels,  which  themselves  wore  5  ft. 
2i  ins.  diameter.  The  low-pressure  cylinder  was  connected  to  the 
third  pair  of  wheels  of  the  same  size.  As  the  low-pressure  cylinder 
was  generally  understood  to  be  about  equal  in  power  to  the  two  high- 
2n-essure  cylinders  together,  it  was  manifest  there  was  an  irregular 
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tlistribntiou  of  tractive  power  upon  tlic  six  driving  ^\lieols,  tlio  two 
Ligh-pressuro  cylinders  working  upon  four  coupled  wlieels,  while  tlie 
low-pressure  cylinder  of  equal  power  worked  upon  only  one  pair  of 
wheels  of  the  same  size,  not  coupled  with  the  others.  There  might 
be  difference  enough  between  the  diameters  of  the  cylinders  to  allow 
for  some  difference  in  the  amount  of  traction ;  but  at  any  rate  the 
distribution  over  the  three  pairs  of  wheels  could  not  possibly  be  as 
even  as  it  should  be.  Moreover  where  the  high  pressure  was  divided 
into  two  cylinders,  the  starting  power  was  certainly  limited  to  that 
due  to  the  one  high-pressure  cylinder  only  which  was  in  the  proper 
position  for  starting.  There  could  be  no  doubt  therefore  that  the 
two-cylinder  engine  had  a  greater  starting  power  than  the  three- 
cylinder  engine. 

In  regard  to  the  indicator  diagrams,  he  quite  agreed  with  Mr. 
Halpin  (page  131)  that  diagrams  which  showed  any  material  amount 
of  wire-drawing  could  not  but  be  considered  as  denoting  a  wasteful 
use  of  steam.  Wire-drawing  was  certainly  shown  in  some  of  the 
diagrams  exhibited  :  and  he  had  also  experienced  the  same  defect 
himself,  until  he  had  altered  the  valves  so  as  to  get  the  best  result 
possible  from  the  two  cylinders.  In  Fig.  34,  Plate  33,  which  was  a 
slow-speed  diagram  from  a  passenger  engine  at  10  miles  per  hour,  it 
would  be  seen  that  the  low-pressure  cylinder  started  with  even  a 
higher  pressure  than  the  high-pressure  cylinder  left  off  at.  The 
same  was  also  shown  in  Fig.  35,  which  was  taken  at  a  higher  speed 
of  60  miles  an  hour.  The  loss  of  initial  pressure  began  here  to  be 
felt,  because  of  the  earlier  cut-off  in  the  high-pressure  cylinder,  in 
which  also  the  compression  ^Yas  a  little  greater ;  and  the  consequence 
was  that  the  loss  between  that  and  the  low-pressure  cylinder  was 
likewise  greater  than  in  Fig.  31,  as  shown  by  the  rather  larger 
space  between  the  high-pressure  and  low-jiressure  diagrams.  In  the 
return  stroke  of  the  low-pressure  cylinder  there  was  of  course  a 
certain  amount  of  back  pressure  due  to  the  higher  speed,  as  shown 
in  Fig.  35,  which  did  not  occur  in  the  slow-speed  diagram.  Fig.  34. 

With  regard  to  the  intercepting  valve,  for  which  it  was 
considered  by  Mr.  Halpin  (page  132)  that  there  was  no  need,  he 
did  not  see  how  there  could  be  anything  more  simple  than  the  flap 
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valve  shown  in  Fig.  28,  Plato  31,  or  the  disc  valve  shown  in  Figs.  11 
and  13,  Plate  26,  which  admitted  through  its  spindle  a  jet  of  boiler 
steam  to  the  low-pressure  cylinder.  Either  of  these  seemed  to  him 
to  be  about  as  simple  a  form  of  intercepting  valve  as  could  possibly 
be  got.  And  even  in  the  valve  shown  in  Figs.  16  and  18,  Plate  27, 
all  the  parts  were  parallel,  and  could  be  turned  or  bored  true  and 
central ;  he  had  one  of  these  valves  working,  and  was  satisfied  with 
the  result ;  there  was  no  trouble  with  it,  and  there  were  no  glands 
to  pack.  The  flap  valve  shown  in  Fig.  28,  Plate  31,  was  the  valve  he 
had  begun  with  ;  and  having  begun  with  it  and  found  it  quite 
satisfactory,  he  naturally  preferred  to  keep  it,  as  it  had  a  clear 
opening ;  as  soon  as  ever  the  exhaust  began  from  the  high-pressure 
cylinder,  it  opened  the  valve  and  kept  it  open. 

As  to  the  curious  anomaly  in  Table  11,  enquired  about  by 
Mr.  Mair  (page  129) — that  a  rather  smaller  quantity  of  water  was 
evaporated  per  lb.  of  coal  in  the  compound  engine,  notwithstanding 
that  the  total  evaporation  was  much  smaller  than  in  the  ordinary 
engine — he  thought  this  result  was  not  anything  to  be  particularly 
noted,  because  the  evaporation,  whether  in  non-compound  or 
compound  engines,  would  be  found  to  be  very  varying  in  amount ; 
and  in  another  instance  the  opposite  result  was  just  as  likely  to 
occur. 

As  to  the  first  cost  of  arranging  an  engine  on  the  compound 
principle  (page  127),  in  the  two-cylinder  compound  engines  such  as 
he  was  using,  with  inside  cylinders,  Plate  30,  there  was  practically 
very  little  additional  cost  as  compared  with  the  ordinary  engines. 
Although  the  low-pressure  cylinder  was  so  much  larger  than  the  other, 
the  actual  difference  in  the  cost  of  workmanship  due  to  its  enlarged  size 
was  very  little ;  there  was  of  course  some  additional  weight.  There 
was  the  additional  cost  of  the  intercepting  valve,  which  was  practically 
little.  There  was  also  a  little  additional  cost  for  the  enlarged 
connecting'  steam-pipe  from  the  high-pressure  to  the  low-pressure 
cylinder ;  but  there  was  one  steam-pipe  less  on  the  low-pressure 
side,  where  outside  cylinders  were  used.  Beyond  these  he  thought 
there  was  not  any  additional  cost  whatever  in  the  construction  of  the 
compound  engine. 


140  COMPOUND   LOCOMOTIVES.  J.vx.  1889. 

(-Air.  Thomas  W.  W..r.saell.) 

The  consumption  of  about  26  lbs.  of  "Welsh  coal  per  mile, 
nientionecl  by  Mr.  McDonnell  (page  128)  as  that  of  the  17-inch 
cjlinder  engines  talcing  the  fast  mail  trains  on  the  Great  Southern 
and  Western  Railway  of  Ireland,  was  certainly  a  very  satisfactory 
result  as  the  average  consiuni)tion  for  taking  such  a  train,  and  he 
■wished  it  could  always  be  attained  in  daily  practice.  The  use 
of  Welsh  coal  was  no  doubt  a  very  favourable  circumstance, 
as  on  the  North  Eastern  Railway  he  had  to  use  coal  of  a  very 
different  nature.  In  this  connection  he  might  draw  attention  to 
Table  5,  in  which  was  given  the  consumption  of  coal  in  twenty 
goods  engines  that  he  had  made  some  time  ago  from  one  set  of 
drawings,  ten  of  them  being  compound  and  ten  non-compound.  All 
of  them  were  tender  engines,  working  the  heavy  exj)ress  goods  trains 
between  Newcastle  and  Leeds ;  they  had  six  wheels  coupled  of  5  feet 
<liameter,  and  their  weight  was  approximately  40  tons.  The  ten  non- 
compound  engines  had  IS-inch  cylinders  and  24  inches  stroke ;  and 
in  the  ten  compounds  the  same  size  was  kept  for  the  high-pressure 
cylinder,  namely  18  inches  diameter,  while  the  low-pressure  was 
2G  inches  diameter  ;  the  heating  surface  and  everything  else  was  the 
same  in  both.  The  working  of  the  engines  for  twelve  months  was 
given  in  Table  5 ;  and  the  actual  saving  of  coal  was  14i  per  cent,  in 
the  ten  compounds,  as  compared  with  the  ten  non-compound  engines 
doing  the  same  work. 

The  President  enquired  what  difference  there  was  in  the  pressure 
of  steam  in  the  two  sets  of  engines. 

Mr.  WoHSDELL  replied  that  the  non-compound  engines  were 
working  at  140  lbs.  pressure,  and  the  compounds  at  160  lbs.,  being 
20  lbs.  higher  pressure.  These  engines  had  now  been  working  for 
about  two  years,  and  not  one  of  them  had  been  in  the  shop  for 
repairs.  As  already  mentioned  (page  134)  the  first  had  been  out 
for  about  three  years,  without  having  once  been  in  the  shop 
for  repairs,  although  it  had  done  the  same  work  daily.  He 
had  also  built  a  number  of  tank  engines  on  the  compound 
jirinciple  for  workii:g  the  heavy  mineral   traffic  from  Darlington  to 
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Tebay  and  Cockcrmonth.  That  line  -was  rather  awkwardly  situated 
for  water  siijiply ;  but  no  trouble  had  been  experienced  in  taking  with 
these  engines  the  same  trains  that  were  taken  by  the  ordinary  tender 
engines.  In  one  place  there  was  a  gradient  about  ten  miles  long 
of  1  in  59,  which  of  course  occasioned  a  great  strain  on  the  engine 
going  up  it,  especially  if  the  engine  had  to  stoj)  for  water  upon  the 
incline.  It  had  been  said  that  it  was  difficult  to  start  with  a 
compound  engine  up  an  incline ;  but  he  had  himself  exj)erienced  no 
greater  difficulty  in  starting  up  an  incline  with  the  two- cylinder 
compound  engine  than  with  the  ordinary  engine  :  in  fact,  under 
certain  circumstances,  the  compound  could  start  much  more  easily. 

As  to  the  wear  and  tear  of  the  boiler  in  comj)ound  engines, 
it  had  been  feared  that  the  boiler  must  suffer  in  consequence  of 
the  increased  pressure.  He  had  no  doubt  that  high  pressure,  of 
which  he  was  an  advocate,  especially  for  comj^ound  engines,  was  an 
advantage  for  economy  either  in  compound  or  non-compound  engines, 
if  the  consequent  greater  strains  could  be  accommodated.  There 
was  no  greater  wear  and  tear  upon  the  boiler  in  a  comj)ound  engine 
than  in  a  non-compound.  The  friction  through  the  tubes,  due  to  the 
violent  draught  which  was  induced  by  the  rapid  exhaust  fi'om  the 
non-compound  engine,  was  certainly  greater  than  that  attending  the 
milder  and  slower  exhaust  from  the  compound  engine.  His  own 
three  years'  experience  however  he  thought  was  hardly  enough  to 
settle  the  question ;  Mr.  Webb's  experience  dated  longer  than  his 
own,  and  Mr.  v.  Berries'  perhaps  a  little  longer  still,  at  any  rate 
with  a  few  engines.  But  it  was  evident  that  the  wear  and  tear  uj)on 
the  boiler  must  necessarily  be  less,  if  the  friction  due  to  the  gases 
passing  from  the  fire-box  was  less.  The  best  method  of  measuring 
the  wear  of  the  boiler,  he  thought,  would  be  to  take  the  quantity  of 
water  evaporated  during  a  given  time.  Hitherto  he  had  been  rather 
inclined  to  take  the  consumption  of  fuel  during  a  given  time  ;  because, 
although  one  might  generally  be  dependent  upon  the  other,  it  appeared 
to  him  that  under  certain  circumstances  this  might  not  be  so.  The 
evaporation  of  water  depended  largely  upon  whether  priming  took 
place,  owing  either  to  an  unsuitable  position  of  the  steam  pipe  or  to 
some  other  cause ;  and  he  had  heard  a  fear  exjpressed  that,  owing  to 
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the  lighter  draught  and  the  smaller  number  of  the  pulsations  of  the 
exhaust  in  the  compound  engine,  there  might  bo  a  chance  of  the  drain 
upon  the  steam  chamber  of  the  boiler  causing  a  disturbance  to  the 
water,  and  so  producing  priming.  Such  an  effect  however  had  not  been 
found  to  result,  and  he  had  had  no  trouble  in  that  respect  in  any  of 
the  compound  engines.  Their  boilers  were  full  size,  and  it  might 
therefore  be  that  their  steam  space  was  large  enough  to  prevent 
anything  of  that  kind  from  occurring.  At  first  sight  he  admitted  it 
might  appear  likely  to  occur ;  but  even  if  it  did,  the  large  low- 
pressure  cylinder  had  been  fitted  with  spring  safety-valves,  which 
acted  as  blow-off  cocks,  so  that  if  any  water  did  get  carried  over  into 
the  cylinder  there  would  be  no  trouble  in  getting  rid  of  it.  Those 
valves  had  not  been  put  there  for  that  purpose,  but  were  set  to  a 
certain  pressure,  so  that  the  driver  should  not  be  able  to  admit  steam 
of  the  full  boiler  pressure.  The  pressure  to  which  they  were  limited 
was  80  lbs.  to  100  lbs.,  this  being  more  than  sufficient  for  everything 
that  was  wanted  in  the  low-pressure  cylinder. 

In  regard  to  the  balancing  of  the  two-cylinder  compound  engine, 
ho  remembered  being  warned  that  it  would  be  a  lop-sided  engine, 
and  that  the  work  would  be  very  uneven  on  the  two  sides.  Practically 
however  the  work  was  even,  because  the  mean  effective  pressures  in 
the  two  cylinders  were  inversely  proportioned  to  their  areas  ;  and  he 
had  in  this  way  obtained  nearly  1,000  horse-power,  of  which  500  was 
got  from  each  cylinder  as  a  maximum. 

Eespecting  the  consumption  of  fuel,  during  tv/o  weeks'  running 
of  the  accelerated  Scotch  express  in  August  last,  with  the  same  weight 
of  train  every  day,  one  of  these  two-cylinder  compounds,  No.  1324, 
was  tried  against  a  non-compound  of  exactly  the  same  size,  with 
18-inch  cylinders,  but  having  rather  larger  wheels  ;  the  latter, 
No.  1475,  consumed  an  average  of  31*4  lbs.  of  coal  per  mile,  while 
the  compound  burned  25  lbs.  per  mile,  showing  a  saving  of  6*4  lbs. 
per  mile,  or  20*3  per  cent.  On  the  average  he  did  not  claim  more 
than  15  per  cent. ;  but  in  those  two  weeks'  running  with  the  same 
train  daily  there  had  been  this  saving  of  20-3  per  cent. 

In  reply  to  the  enquiry  about  the  spark  arrester  (page  119),  no 
doubt  it  did  interfere  with  the  blast ;  and  he  thought  one  advantage 
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in  favour  of  the  compound  engine  was  tbat  it  could  do  without  the 
spark  arrester,  for  the  simple  reason  that  the  blast  was  softer.  There 
was  no  harsh  draught  upon  the  fire,  and  consequently  large  cinders 
were  not  ejected. 

Mr.  David  Joy  was  inclined  to  conclude  from  what  had  been  said 

upon  this  subject  that  the  saving  of  fuel  in  compound  locomotives 

was  mainly  due  to  the  raising  of  the  steam  pressure,  while  at  the  same 

time  it  seemed  that  the  higher  pressure  could  not  be  conveniently 

used  without  compounding.     The  questions  of  repairs,  and  of  wear 

and  tear  from  higher  pressures  in   the   boilers,  had  already  been 

fought  out  most  satisfactorily  in  the  marine  engine.     Considering 

what  had  been  done  in  the  marine  engine,  he  was  confident  the  same 

might  be  done  in  the  locomotive.     The  boilers  he  believed  would 

not  suffer  a  bit  more  with  the   higher   pressures  up  to  200  lbs., 

which  were  likely  to  be  reached  shortly,  than  did  the  present  boilers 

with  120  lbs.  or  140  lbs.  pressure.     Marine  boilers  now  working 

from  150  lbs.  to   170  lbs.   and   even    180   lbs.   pressure   were   not 

giving   more   trouble   than   did   the   old   boilers   at   90  lbs.      The 

question  of  repairs  to  the  machinery  also  he  was  satisfied  would 

tell   in   the  long  run  in   favour  of   compounding   for  locomotives. 

Probably  there  had  not  yet  been  time  to  decide  this  point,  at  least 

so  said  practical  men;  but  he  was  of  opinion  that  repairs  would 

tell  much  more  in  favour  of  compounding  than  even  the  advocates  of 

compounding  believed.     The  representation  made  by  Mr.  Worsdell 

was  manifestly  the  correct  one,  that  in  the  compound  engine  the  strains 

were  less  upon  all  the  parts,  and  therefore  there  must  be  less  wear. 

This  was  so  far  the  case  with  a  large  marine  engine  that,  if  it  were  not 

for  compounding,  it  would  not  be  possible  to  use  the  present  higher 

pressures  at  all ;  the  strain  upon  the  large  pistons  at  the  high  speed 

would  be  so  enormous  that  no  material  would  be  able  to  stand  it ; 

and  although  in  the  locomotive,  owing  to  its  smaller  size,  the  effect 

was  not  quite  so  palpable,  it  was  nevertheless   there,  and  must  be 

taken    into    consideration.      As    Mr.    Worsdell   had    pointed    out 

(page  133),  in  a  non-compound  engine  with  170  lbs.  as  the  initial 

pressure,  the  whole  of  this  was  pressure  producing  wearing  strains  ; 
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whereas  in  tlic  compouud  with  tlic  same  initial  pressure  there  was  a 
cushion  of  50  lbs.  in  front  of  the  jnston,  so  that  the  resulting  i)ressuro 
producing  wearing  strains  was  only  120  lbs.  Therefore,  instead  of 
falling  back  ui)on  the  non-compound  engines,  there  was  a  great 
future  he  believed  for  the  comi^ounds  ;  the  only  question  was  how- 
to  work  them  to  the  greatest  advantage. 

In  connection  with  the  economy  effected  by  compounding,  he  liad 
heard  it  said  that  most  of  the  compound  locomotives  in  this  country 
were  fitted  with  the  Joy  valve-gear,  rather  implying  thereby  that 
this  circumstance  might  influence  the  results.  This  however  could 
not  be  the  case  either  way.  The  comj^ound  system  did  not  depend 
on  details  of  this  kind,  but  stood  on  its  own  merits,  which  were  quite 
sufficiently  palpable.  But  as  a  small  addition  to  the  very  comj^lete 
illustration  of  the  comjiound  locomotive  and  its  details  which  was 
given  in  the  paper,  he  submitted  the  following  particulars  of  the  cut- 
off by  the  Joy  gear,  as  employed  on  compound  locomotives  in  this 
country,  which  would  compare  with  the  figures  furnished  in  the 
author's  Tables  14  to  16  of  the  cut-off  by  the  link  gear  and  the 
Walschaert  gear  as  used  mostly  abroad  : — 

Cut-off  in  percentafje  of  stroJce  in  foricanl  running  icith  Joy  valve-gear 
in  Compound  Locomotives  on  the  Great  Eastern  Mailway. 


Front  end  of  cyl.,  per  cent. 

71-0     66-5     60-5    50-0    42-0    33-0     24-0     G  5 

Back    „          ,,              ., 

72-5     G6-5    GO-5    50-0    41-0    33-0    24-0    7-0 

Lead  3-lGths  inch  constant. 

Mr.  J.  Macfaelaxe  Gray  mentioned  that  in  the  examinations 
which  he  conducted  he  sometimes  found  marine  engineers  who 
fancied  the  compound  engine  was  a  contrivance  by  means  of  which 
the  steam  could  be  made  to  do  work  twice  over ;  and  he  had  met 
that  delusion  by  the  enquiiy  whether  a  cow  when  chewing  the  cud 
was  enjoying  a  second  meal,  and  had  explained  that  the  process  was 
similar  in  the  compound  engine.  By  way  of  another  illustration,  he 
had  also  pointed  out  that,  although  it  w'as  no  use  to  take  two  bites  at 
a  cherry,  yet  it  was  necessary  to  take  two  bites  at  an  apple  for  fear 
of  getting  lock-jaw.  The  attemj)t  to  use  very  high  pressure  in  a 
single  cylinder  was  like  trying  to  take  the  apple  at  one  bite,  and  the 
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enormous  pressures  uiwn  the  bearings  were  tlien  found  to  be 
impracticable ;  tbe  compound  engine  was  a  contrivance  for  enabling 
the  bigber  pressure  to  be  used  without  increasing  tbe  stresses  in  the 
engine. 

There  was  no  statement  in  tbe  paper  of  any  defined  relation 
between  tbe  boiler  pressure  and  the  mean  effective  pressure,  when 
the  latter  was  calculated  by  referring  the  whole  of  the  j)ower  to  the 
low-j)ressure  cylinder.  That  was  a  very  useful  relation  for  engineers 
to  be  familiar  with.  If  it  were  wished  to  get  a  certain  power  from  a 
compound  engine  having  a  low-pressure  cylinder  of  given  diameter, 
what  boiler  pressure  must  be  employed  for  that  purpose?  For 
marine  engines  there  was  a  simple  relation  whicb  he  bad  put  into  the 
following  form  for  tbe  convenience  of  engineers : — whatever  might  be 
the  requisite  mean  effective  pressure  on  the  supposition  that  the 
whole  of  the  work  bad  to  be  done  in  the  low-pressure  cylinder,  this 
mean  effective  pressitre  when  squared  and  divided  by  six  would  be 
tbe  required  boiler  pressure  above  the  atmosphere.  This  rule  was 
altogether  empirical ;  and  if  it  were  applied  to  any  compound  engine 
that  was  working  well,  he  believed  it  would  be  found  to  hold  good. 

Mr.  Lapage  said  that  no  doubt  economy  would  be  procured 
(page  118)  by  increasing  the  pressure  in  ordinary  engines  ;  but  it  was 
found,  as  pointed  out  in  the  paper,  that  higher  pressure  could  be 
better  utilised  in  a  compound  engine,  and  therefore  it  was  used  when 
practicable ;  and  whatever  pressure  an  ordinary  engine  could  be 
worked  at,  a  still  higher  pressure  might  bo  used  to  advantage  in  a 
■compound,  owing  to  the  more  favourable  cut-oft'  and  expansion.  He 
did  not  attach  much  importance  to  the  pressure ;  but  it  was  requisite 
.to  arrange  the  compound  cylinders  for  the  required  capacity. 

With  regard  to  the  question  about  the  spark-arrester  (page  Ixj), 
in  designing  the  engine  described  in  tbe  j)aper  the  smoke-box  had 
ibeen  made  large  and  fitted  with  a  wire  spark-arrester  of  considerable 
area,  as  the  engine  was  intended  for  burning  wood;  the  sparks 
drojiped  into  an  ash  shoot  at  the  bottom  of  the  smoke-box,  shown  in 
Figs.  1  and  3,  Plates  23  and  24,  and  were  periodically  discharged.  He 
-bad  had  experience  with  the  long  smoke-boxes,  which  answered  very 
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well ;  nevertheless  tlie  smoke-box  shown  in  Plates  23  to  25  was  largo 
enough,  and  for  an  English-built  engine  he  tliought  such  a  smoke- 
box  was  preferable  to  the  extended  one.  The  wire  spark-arrester 
was  fitted  in  the  smoke-box  at  about  the  level  of  the  exhaust  nozzle, 
and  interfered  very  little  with  the  good  working  of  the  blast.  For 
coal-burning  engines  it  was  not  found  necessary  to  use  a  spark- 
arrester  if  the  engine  was  compounded. 

With  regard  to  the  receiver,  it  should  be  remembered  that  the 
engine  illustrated  had  been  designed  in  1886.  Certainly  the  receiver 
was  smaller  than  now  used ;  and  1^  times  the  size  of  the  high-pressure 
cylinder  was  considered  about  the  proper  size  at  the  present  time. 
It  was  better  to  have  a  larger  receiver,  because  then  the  low-pressure 
cylinder  got  the  steam  required. 

As  to  leakage  through  the  intercepting  valve  (page  132),  the 
whole  valve  could  be  taken  to  pieces  and  looked  at  by  the  driver 
by  merely  removing  the  outside  lid ;  if  any  part  became  worn  it 
could  easily  be  replaced,  and  glands  and  springs  were  avoided. 

The  President  asked  whether  this  could  be  done  while  under 
steam. 

Mr.  Lapage  replied  that  it  could  be  done  while  the  engine  was 
standing  under  steam.  The  valve  would  run  he  expected  for  three 
or  four  years  without  any  trouble.  Even  if  it  did  leak,  the  leakage 
Avould  be  very  little,  and  would  not  do  any  harm.  By  starting  with 
both  cylinders  by  means  of  an  intercepting  valve  the  two-cylinder 
comj)Ound  engine  was  able  to  start  under  any  emei'gency ;  the  action 
of  the  valve  was  automatic,  and  beyond  the  control  of  the  driver. 

Although  it  was  better  to  have  a  higher  pressure  of  steam,  yet  by 
increasing  the  size  of  the  cylinders  a  good  deal  of  the  advantage  of 
compounding  could  be  obtained  with  the  existing  lower  pressures. 
Three  of  the  compound  engines  mentioned  in  Tables  2  and  3  it 
would  be  seen  were  running  with  the  same  pressures  and  doing  the 
same  work  as  the  ordinary  engines,  the  cylinders  in  the  compounds 
being  proportioned  to  what  they  had  to  do.  It  was  easy  enough  to 
increase  the  size  of  the  cylinders  to  get  any  desired  power.     The 
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ports  liati  of  course  been  made  as  large  as  was  thought  possible  at 
the  time  of  designing  the  engines,  and  no  doubt  would  be  made  still 
larger  as  more  experience  was  gained,  because,  as  already  pointed  out 
in  the  paper  (page  86),  in  the  compound  engine  the  clearance  space 
between  valve  and  jHston  had  to  be  filled  with  boiler  steam  in  one 
cylinder  only  and  not  in  the  two,  which  was  a  point  of  great 
importance.  In  the  passenger  engine  shown  in  Fig.  32,  Plate  32,  it 
was  seen  that  the  steam-chests  were  on  the  top  of  the  cylinders, 
which  he  thought  was  rather  an  advantage,  as  the  valves  could  be 
easily  got  at ;  and  the  ports  were  consequently  very  short.  In  the 
goods  engines  for  the  same  line  the  valve-face  on  the  high-pressure 
cylinder  was  being  made  much  lower,  as  close  to  the  cylinder  as 
possible  :  which  could  not  be  done  in  the  passenger  engines. 

The  PiiEsiDENT  proposed  a  hearty  vote  of  thanks  to  Mr.  Lapage 
for  his  paper,  which  had  given  rise  to  so  excellent  a  discussion. 


s  2 
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ON   THE   LATEST   DEVELOPMENT   OF 
EOLLER   FLOUR   MILLING. 


By  Mk.  henry  SIINIOX,  of  Manchester. 


No  paper  has  as  yet  been  read  before  this  Institution,  drawing 
attention  to  the  very  extraordinary  revolution  which  during  the 
last  ten  years  has  been  in  progress  in  the  Manufacture  of  Flour  by 
the  substitution  of  the  Roller  system  for  the  ancient  method  of 
grinding  by  stones.  In  a  paj)er  presented  by  the  writer  seven  years 
ago  to  the  Institution  of  Civil  Engineers  (Proceedings  1882,  vol.  Ixx, 
page  191),  some  historical  and  general  notes  on  roller  milling  were 
given,  which  therefore  need  not  here  be  repeated ;  and  the  object  of 
the  present  paper  is  simply  to  give  some  further  information  about 
the  subsequent  development  and  improvement  of  Roller  Flour  Milling 
as  carried  out  by  the  author. 

The  completeness  of  the  revolution  that  has  taken  place  is 
exemplified  by  the  fact  that  practically  in  less  than  ten  years  the 
machinery  and  methods  of  corn  milling  have  been  radically  and 
entirely  altered,  at  the  cost  of  an  immense  amount  of  capital.  The 
millstone,  dating  from  pre-historic  times,  hits  been  almost  wholly 
discarded ;  and  the  miller  has  been  constrained  to  unlearn  the  old 
method  of  manufacture  and  take  up  one  entirely  new,  based  u^wn 
very  different  principles.  The  change  has  had  the  effect  of  replacing 
more  or  less  rude  mechanical  appliances  by  machinery  designed  on 
scientific  principles,  and  of  a  high  class  of  mechanical  construction 
and  workmanship.  The  best  kind  of  roller  mills,  as  now  used  for  the 
granulation  of  wheat  and  its  reduction  into  flour,  resemble  in  their 
appearance  and  in  the  accuracy  of  their  construction  the  highest  class 
of  machine-tools.  This  radical  and  important  improvement  in  the 
character  of  the  machinery  employed  is  nevertheless  not  nearly  so 
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radical  or  important  as  the  imj)rovement  in  the  mode  of  working,  by 
the  combination  of  roller  mills  with  centrifugal  dressers,  purifiers, 
rotary  scaljiers,  and  other  machinery,  so  as  to  produce  the  best  results 
in  a  mill  working  automatically  on  the  principle  of  gradual  reduction. 
The  princijjle  of  progress  now  recognised  in  milling  is  indeed  the 
same  as  that  followed  in  other  industrial  establishments  or 
manufactories,  such  as  spinning  mills,  weaving  sheds,  sugar  factories, 
&c. ; — namely,  increased  elaboration  and  more  scientific  treatment, 
combined  with  consistent  arrangement  and  a  projjer  proportion  of 
auxiliary  machines,  for  enabling  the  largest  amount  of  work  to  be 
turned  out,  and  of  the  best  quality.  This  change  has  called  forth 
an  entirely  new  class  of  milling  engineers,  who  have  by  experience 
acquired  special  aptitude  in  following  out  the  principle  of  gradual 
reduction  ;  and  even  as  early  as  1878  the  necessity  for  such  special 
milling  engineers  was  alluded  to  by  Professor  Kick,  who  is  recognised 
as  the  leading  continental  authority  upon  milling.  A  further  striking 
difference  between  the  present  and  the  old  style  of  milling  flour  is 
that,  whereas  formerly  the  intermediate  products  had  to  be  repeatedly 
handled,  they  are  now  entirely  treated  without  being  touched  by  hand 
throughout  the  process.  The  wheat  enters  the  mill  at  one  end  and 
goes  through  all  the  machines  automatically  until  it  is  delivered  at 
the  other  end  in  the  shape  of  such  different  grades  of  flour  and  offals 
as  it  may  be  desired  to  produce.  The  number  of  attendants  required 
for  the  milling  process  proper  is  very  much  reduced  in  comparison 
with  former  times.  Automatic  action  in  roller  milling  has  been 
attained  almost  simultaneously  in  the  United  States  and  in  this 
country.  In  Austria-Hungary,  formerly  the  leading  school  for 
milling,  and  the  country  in  which  roller  milling  originated,  automatic 
action  is  not  yet  believed  in ;  and  accordingly  very  large  numbers 
of  mill  attendants  are  still  required  there. 

It  has  recently  been  ascertained  by  the  writer  that,  owing  to 
commercial  necessities  or  facilities,  Hungarian  millers  are  at  the 
present  time  giving  their  whole  attention  to  the  manufacture  of 
from  45  to  50  per  cent,  of  the  very  highest  class  of  flour  for  export. 
This  flour,  which  owing  to  the  excellence  of  the  Hungarian  wheat 
is  of  splendid  quality,  still  comes  into  England,  although  in  very 
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much  smaller  quantity  tliau  before  the  adoption  of  improved  milling 
in  this  country.  The  purification  and  division  of  middlings  and 
semolina  for  high-class  flours  is  carried  out  in  Budapest  with 
great  care ;  but  the  grinding  of  the  remainder,  whether  by  stones  or 
by  rolls,  is  not  done  at  all  so  carefully  as  in  good  automatic  roller- 
mills  in  this  country.  In  consequence  of  the  large  feed  put  upon 
their  stones  and  rolls,  very  much  greater  pressure  is  used  than  would 
be  necessary  with  anything  like  the  proper  feed,  and  thus  the  fl(nir 
becomes  unnecessarily  heated.  The  greatest  difference  however 
between  milling  in  Austria  and  in  this  country  is  in  the  reduction 
of  the  tailings,  siftings,  and  second-class  products,  which  have  been 
rejected  during  the  manufacture  of  the  highest-class  flour.  To  finish 
up  these  different  products  according  to  anything  like  a  proper  system 
is  not  even  attempted  in  Budapest.  As  a  consequence,  anything 
after  the  first  45  or  50  per  cent,  of  flour  from  the  wheat  is  very 
much  worse  than  in  this  country.  With  very  little  regard  to  size 
and  quality,  the  material  is  ground  and  dressed,  and  re-ground  and 
re-dressed,  thus  making  out  of  their  splendid  wheat  only  v(;ry  low 
brands  of  flour,  all  of  which  however  find  a  ready  and  profitable  sale 
in  their  own  country.  The  contrast  therefore  stands  thus  between 
the  English  and  the  Hungarian  method  of  milling : — from  the 
wheats  used  in  Hungary  as  high  a  class  of  flour  could  be 
manufactured  automatically  in  this  country  as  is  made  at  very  much 
greater  expense  in  Austria ;  whilst  the  last  30  per  cent,  of  flour 
would  be  considerably  improved  under  the  best  English  roller  system. 
It  may  therefore  be  stated  that  Hungarian  milling  as  a  whole 
no  longer  occupies  the  proud  position  it  held  up  to  a  few  years  ago, 
before  the  roller  process  had  reached  its  present  development  in  this 
country.  Austrian  and  German  millers,  and  it  is  believed  even 
some  in  America,  still  cling  fondly  to  the  use  of  millstones  for 
grinding  and  finishing  fine  intermediate  products,  notwithstanding 
that  it  has  been  clearly  demonstrated  by  the  experience  of  the  more 
progressive  British  millers  that  there  is  no  process  of  grinding  which 
is  not  better  performed  by  a  roller  mill  properly  constructed  and 
projperly  worked,  having  rolls  of  chilled  iron,  smooth  or  grooved 
according  to  their  purpose.     To  this  day  there  is  scarcely  a  really 
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complete  automatic  roller-mill,  the  writer  believes,  either  in  Germany 
or  in  Austria. 

The  introduction  of  roller  milling  in  this  country  has  caused  a 
rapid  increase  in  the  number  of  large  mills.  Those  roller  millers 
who  were  first  in  the  field  have  not  only  doubled  their  output,  but 
in  some  cases  have  increased  it  three,  four,  and  even  five  times,  with 
corresponding  jn-ofit,  and  naturally  at  the  expense  of  their  less 
enterprising  competitors.  The  fact  is  now  fully  established  that  in 
a  well-constructed  and  well-managed  roller  mill  a  larger  percentage 
of  superior  flour  can  be  made  out  of  the  same  wheat  than  by 
millstones,  and  at  much  less  cost  and  with  much  less  expenditure  of 
power.  With  regard  to  the  power  consumed  by  the  various  machines 
used  in  modern  flour  mills  under  varying  conditions,  the  writer  may 
refer  to  a  paper  read  by  him  before  the  National  Association  of 
British  and  Irish  Millers  at  their  London  meeting  in  1887, 
containing  an  account  of  what  he  believes  to  be  the  first  and  only 
complete  series  of  trials,  which  were  conducted  under  his  direction 
at  the  Kirkdale  Eoller  Mills,  Liverj)ool,  with  the  assistance  of 
Mr.  Michael  Longridge. 

The  first  complete  roller-mill  without  the  use  of  stones  in 
England  was  built  by  the  writer  in  1878  for  Mr.  Arthur  McDougall, 
of  Manchester,  and  in  Ireland  for  Messrs.  E.  Shackieton  and  Sons, 
of  Carlow,  in  1879 ;  the  first  automatic  roller  flour  mill  in  England 
in  1881  for  Messrs.  F.  A.  Frost  and  Sons,  of  Chester.  The  total 
number  of  complete  mills,  or  important  reconstructions  of  old  mills, 
executed  by  the  writer  alone  since  1878,  amounts  to  considerably 
more  than  200,  varying  in  cost  for  machinery,  exclusive  of  motive 
power,  buildings,  &c.,  from  £1,000  to  £40,000  for  each  mill.  Large 
roller-mills  can  necessarily  be  fitted  up  with  greater  refinement,  as 
well  as  with  a  larger  number  of  appliances  for  saving  labour,  than 
small  mills. 

Roller  Flour  Mill  and  Granary  at  Eio  de  Janeiro. 

The  most  recent  improvements  in  roller  milling  will  be  best 
realised,  the  writer  thinks,  from  a  description  of  the  machinery  and 
arrangement  of  a  large  mill,  carried  out  with  the  utmost  regard  to 
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excellence  of  production,  which  has  just  been  erected  in  Brazil  for 
the  Eio  de  Janeiro  Flour  Mills  and  Granary  Co.  of  London. 

Site. — In  an  enterprise  of  this  nature  a  qucstiou  of  primary 
importance  is  the  selection  of  a  suitable  site  for  the  mill  buildings, 
as  determined  mainly  by  the  facility  with  which  wheat  can  be 
conveyed  to  it  and  flour  be  carried  away.  Such  a  site  was  fortunately 
secured  on  the  shore  of  the  bay  of  Rio  de  Janeiro,  aud  within  easy 
access  of  the  city.  The  preparation  and  extension  of  the  ground  for 
the  erection  of  the  mill  premises  was  a  costly  undertaking,  inasmuch 
as  the  whole  of  the  area  comprised  between  the  edge  of  the  present 
wharf  and  the  old  high-water  mark  indicated  by  the  irregular  dotted 
line  WW  on  the  plan,  Plate  3G,had  to  be  filled  in  to  an  average  depth 
of  15  feet.  And  further,  in  order  that  the  largest  sea-going  vessels 
may  be  able  at  all  times  to  discharge  their  grain  without  the  heavy 
constant  exj)ense  of  dredging,  an  iron  jetty  was  constructed, 
projecting  125  feet  from  the  wharf's  edge. 

Buildings. — As  shown  in  the  plan  and  transverse  section.  Plates 
36  and  37,  there  are  two  principal  blocks  of  buildings,  of  which  the 
one  nearest  the  bay  is  used  for  the  storage  of  grain  and  flour,  and 
is  called  the  store ;  while  the  other  contains  all  the  machinery  for 
the  preparation  of  the  wheat  and  production  of  flour,  and  is  called 
the  mill.  Both  are  of  the  same  dimensions,  namely  234  feet  long 
and  46  feet  wide  ;  and  each  has  five  floors  of  an  average  height  of 
13^  feet.  The  framework  of  the  walls,  the  girders,  columns,  roof 
principals,  and  roof  covering,  are  of  cast  and  wrought  iron,  of  which 
there  is  a  total  weight  of  about  1,100  tons.  The  flooring  is  composed 
of  two  layers  of  1^  inch  boarding,  and  the  joints  of  the  upper  layer 
are  at  right  angles  to  those  of  the  lower,  which  not  only  prevents 
the  passage  of  dust  but  is  also  found  by  experience  to  be  in  a 
measure  effectual  in  preventing  the  spread  of  fire.  The  flooring  is 
supported  on  wooden  joists  ;  but  the  whole  weight  and  vibration 
of  the  machines  are  transmitted  direct  to  the  main  girders  by  heavy 
pitch-pine  beams,  which  run  from  end  to  end  of  the  building.  The 
walls   arc   composed  of    brick ;    their   only   duty   is    to    mako   the 
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bxiildiugs  weather-proof,    inasmucli   as  the  iron    stancliions  of   the 
framework  take  all  the  strains  brought  to  bear  upon  the  structure. 

31(>tice  Power. — The  two  engines  are  horizontal  compound  tandem 
condensing,  each  with  cylinders  of  19  and  35  inches  diameter  and  a 
stroke  of  48  inches,  making  70  revolutions  per  minute,  and  together 
indicating  800  horse-power,  with  a  guaranteed  consumption  of  2h  lbs. 
of  coal  per  horse-power  j)er  hour.  The  power  of  the  engines  is 
transmitted  through  one  crank-shaft  to  a  rope  pulley  20  feet  diameter^ 
Fig.  4,  Plate  39,  grooved  for  twenty  If-inch  ropes.  Steam  is- 
supplied  by  four  Lancashire  steel  boilers,  Fig.  2,  Plate  37,  7  feet 
diameter  and  30  feet  long,  the  two  flues  being  each  2  ft.  9  ins. 
diameter,  and  fitted  with  nine  Galloway  tubes. 

Storage  of  Grain. — The  tower  A  at  the  end  of  the  jetty.  Plates  3G 
and  37,  contains  a  wheat  elevator  capable  of  lifting  65  tons  per  hour. 
As  shown  in  Plate  87,  it  is  of  the  ordinary  construction  of  grain 
elevators  for  use  in  connection  with  ships  or  barges ;  the  elevating 
mechanism  is  carried  at  the  ends  of  two  long  levers,  and  its  lower 
extremity  can  be  lowered  into  the  hold  of  the  wheat-laden  vessel.  The 
lifted  wheat  is  delivered  upon  an  endless  india-rubber  band  F,  which, 
carries  it  to  the  wheat-cleaning  house.  The  band  itself  is  utilised  to 
transmit  the  power  necessary  for  lifting  the  grain  from  the  ship,  and 
like  the  rest  of  the  band  conveyers  used  throughout  the  buildings  is- 
provided  with  automatic  tightening  gear.  On  entering  the  wheat- 
cleaning  house  the  grain  passes  first  through  a  self-acting  weigher ;  and 
thence  through  three  combined  rotary  separators  and  aspirators,  which 
consist  of  rotary  sieves  with  a  powerful  exhaust  fan,  for  removing  all 
impurities  both  larger  and  smaller  than  the  wheat.  The  cleaned  grain 
returns  on  the  lower  half  of  the  same  band  which  brought  it  in,  and 
is  shot  into  the  foot  of  another  G5-tou  elevator  B,  Plate  37,  in  tbe 
grain  store,  whereby  it  is  raised  and  delivered  upon  tbe  top  band  C. 
This  band  is  provided  with  a  throwing-off  carriage,  Figs.  9  and  10, 
Plate  40,  which  can  be  anchored  at  any  position  in  the  building's  length, 
and  delivers  the  wheat  right  or  left  upon  the  top  floor  of  the  store.  To 
meet  special  requirements  in  the  present  instance,  two  distinct  modes- 
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of  stoi'ing  the  grain  have  been  proviclcd,  namely  on  floors  and  in 
silos.  The  latter  plan  has  in  certain  cases  several  marked  advantages, 
of  which  the  principal  are  that  the  silos  are  entirely  self-emptying, 
and  have  a  maximum  storage  capacity  for  space  occupied.  The 
tendency  at  the  present  time  is  to  use  silos  only,  the  construction  of 
which  is  shown  in  Figs.  7  and  8,  Plate  40.  In  this  granary  there  are 
four  floors,  each  107  feet  long  and  4G  feet  wide.  Under  each  of  the 
iihree  upper  floors  arc  fixed  a  large  number  of  drawing-off  sj)outs,  one 
in  the  centre  of  each  28  square  feet  of  floor  area.  The  outlets  of  those 
spouts  are  closed  by  valves,  all  of  which  are  self-closing,  but  can 
be  opened  in  sets  of  four  by  wire  pulls  from  the  ground  floor.  They 
are  so  constructed  that  uiion  being  opened  they  si:»rinlde  the  wheat 
in  a  spray  upon  the  floor  below,  and  thus  permit  the  free  circulation 
of  air  amidst  the  grain  as  it  falls.  Under  the  lowest  floor  are  thirty- 
two  exit  spouts  S,  connected  with  the  measuring  machines  I),  Plate  37. 
By  the  use  of  partition  boards  E,  Plate  3G,  thirty-two  distinct 
•qualities  of  grain  can  be  stored  ;  and  by  the  aid  of  the  measuring 
machines  these  several  qualities  can  be  drawn  off  in  any  desired 
j)roportions  by  means  of  the  two  conveying  bands  at  DD,  Plate  37, 
irunning  lengthways  of  the  granarj'.  By  these  the  mixed  wheat  is 
•carried  from  the  floor,  as  also  from  the  mixers  under  the  silos,  at 
the  rate  of  10  tons  per  hour,  to  the  elevator  H  ;  and  thence  by  the 
band  J  to  the  wheat-cleaning  house.  Wheat  left  to  lie  undisturbed 
for  any  length  of  time  in  a  climate  like  that  of  Eio  would,  as  a  matter 
of  course,  mildew.  To  obviate  this  possibility  the  two  bands  at  DD 
are  each  large  enough  to  carry  65  tons  per  hour ;  so  that,  whilst  one 
is  sujipljing  the  mill  through  the  elevator  H,  Avheat  can  be  carried 
off  by  the  other  band  from  the  other  half  of  the  store,  and  be  lifted 
by  the  elevator  B  from  the  bottom  to  the  top  of  the  store.  Thus  a 
complete  turning  over  and  airing  of  the  wheat  is  accomplished.  This 
granary  has  sufficient  capacity  for  the  storage  of  about  5,000  tons  of 
wheat. 

Final  Wlieat-Chaning  MacMnery. — The  wheat  carried  from  the 
store  by  the  band  J,  Plate  37,  is  first  run  again  through  an  automatic 
self-registering   weighing   machine,  and    then   passes   through  four 
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cylindrical  reels,  wliicli  are  provided  with  covers  composed  of  steel 
wires,  and  witli  a  contrivance  wliereby  the  spaces  between  the  wires  can 
be  contracted  or  enlarged  at  will.  The  cylinders  sort  the  wheat  into 
three  distinct  sizes,  which  throughout  the  remainder  of  the  cleaning 
process  are  treated  separately ;  the  treatment  is  the  same  for  each 
size,  but  the  sorting  into  separate  sizes  ensures  better  work.  Each 
size  of  wheat  now  passes  to  a  "  dustless  wheat  separator,"  containing 
rapidly -vibrating  riddles  and  fan  aspirators,  by  which  the  loose  dust, 
chaif,  oats,  &c.,  are  removed.  It  is  further  passed  through  a  second 
set  of  separators,  which  can  be  set  still  more  exactly,  so  as  to  remove 
the  remaining  impurities  of  the  same  kind.  The  next  machines  in 
the  process  are  thirty-six  cockle  and  barley  separating  cylinders. 
Their  surrounding  covers  are  composed  of  zinc,  and  have  their 
interior  surfaces  impressed  with  indentations  of  sueh  size  and  form 
that  in  the  cockle  machines  all  seeds,  cockle,  &c.,  smaller  than  the 
wheat,  are  lifted  out,  whilst  in  the  barley  machines  the  wheat  is 
separated  from  all  grain  longer  than  itself.  From  these  cylinders  it 
travels  to  three  machines  called  "scourers"  or  "  smutters,"  consisting 
of  vertical  stationary  cylinders  of  steel  with  diagonal  perforations. 
Inside  of  these  run  rapidly-revolving  shafts,  carrying  beaters 
composed  of  iron  rods;  the  beaters  scour  the  grain  in  its  passage 
down  through  the  cylinder,  breaking  and  removing  smiit  balls,  loose 
bran,  &c,,  which  are  then  drawn  away  through  the  casing  by  an  exhaust 
fan.  The  scouring  is  followed  by  a  brushing  process,  which  is 
performed  in  three  machines,  each  containing  four  pairs  of  horizontal 
circular  brushes  on  a  vertical  spindle.  The  upper  brush  of  each 
pair  is  stationary,  but  the  lower  revolves  rapidly ;  so  that  by 
centrifugal  action  the  grain  passes  from  the  centre  of  the  machine  to 
the  circumference  of  the  first  pair  of  brushes,  and  thence  by  gravity 
to  each  of  the  lower  pairs  in  turn.  The  effect  of  the  brushes  is 
further  to  remove  loose  bran,  dust,  the  beard  of  the  grain,  &c.,  and 
to  polish  the  outer  surface  of  the  grain.  After  going  through  a  final 
automatic  weighing  machine,  whereby  the  amount  of  loss  in  the 
cleaning  process  is  registered,  the  wheat  is  elevated  into  the  cleaned- 
wheat  bins,  in  which  it  is  stored  in  readiness  for  the  roller  milling 
process. 
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Holler  Mill  Macluncrij.  —  A  few  of  the  principal  macliincs, 
wLich  have  phayed  an  all-important  part  iu  the  realisation  of  the 
great  change  in  the  manufacture  of  flour  by  rolls  instead  of  stones, 
are  represented  in  their  most  recent  develoi)ment  in  Plates  41  to  44. 
In  Fig.  11,  Plate  41,  is  shown  a  roller  mill  with  four  fluted  rolls,  each 
32  inches  long  and  10  inches  diameter.  Fig.  13,  Plate  42,  shows 
a  three-high  roller  mill  with  three  smooth  rolls,  each  32  inches 
long  and  10  inches  diameter.  A  double  "  reform  "  purifier  for  tho 
middlings  is  shown  in  Plate  43  ;  and  a  double  centrifugal  dressing 
machine  in  Plate  44. 

Roller  mills,  which  have  replaced  grinding  stones,  are  of  two 
kinds,  and  are  used  for  two  distinct  purposes :  namely,  break  mills 
with  fluted  rolls,  for  extracting  the  kernel  of  the  wheat  from  the 
bran ;  and  reduction  mills  with  smooth  rolls,  for  reducing  to  flour 
the  broken  kernel  which  constitutes  the  middlings  and  semolina. 
In  the  Rio  mill,  four-roller  mills  are  used  for  the  breaks,  and  three- 
high  roller  mills  for  the  reductions  ;  in  both  cases  the  rolls  are  made 
of  the  hardest  chilled  iron. 

Four-Itoller  Mill. —  In  Fig.  11,  Plate  41,  is  shown  a  transverse 
section  and  end  elevation  of  the  four-roller  break  mill  with  fluted 
rolls,  for  breaking  the  kernel  of  the  wheat  from  the  bran.  The  two 
pairs  of  rolls  are  entirely  independent  of  each  other,  and  if  required 
can  be  used  for  grinding  two  distinct  qualities  of  material.  The  course 
of  the  material  through  the  machine  is  indicated  by  the  arrows, 
starting  from  the  feed  hopper  A  and  the  feed  roller  B,  which  are 
provided  with  a  feed  regulator  C  adjusted  by  hand,  and  an  automatic 
feed-plate  D  balanced  by  a  spring.  The  toj)  grinding  roll  E,  which 
runs  at  a  higher  speed,  revolves  iu  fixed  bearings,  and  the  slow- 
running  lower  roll  F  in  bearings  carried  in  the  adjustable  levers  G. 
For  throwing  the  rolls  ai)art  a  combined  lever  and  eccentric  H  is 
jprovided,  with  which  is  connected  a  link  arrangement  shown  at  J, 
whereby  a  clutch  on  the  feed  roller  is  thrown  out  of  gear,  and 
thus  the  flow  of  material  is  stopped.  The  surfaces  of  the  rolls  are 
kept  clean  by  scrapers  K.  A  magnified  section  of  the  fluted  surfaces 
of  the  rolls  is  shown  in  Fig.  12,  enlarged  to  four  times  full  size. 
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The  balanced  automatic  feed-plate  D  is  adjusted  witli  a  sufficient 
spring  pressure  to  give  tlie  proper  feed  upon  the  roller  mill  when 
opened  by  a  certain  weight  of  feed  in  the  hopper  at  the  back  of  the 
plate.  The  action  of  the  feed-plate  keeps  the  quantity  of  feed  in  the 
hopper,  and  consequently  the  feed  upon  the  roller  mill,  almost 
constant :  if  the  feed  increases  temporarily,  the  balanced  plate  opens 
till  the  quantity  in  the  hopper  is  reduced ;  or  if  the  feed  decreases, 
the  plate  closes  until  the  quantity  is  increased  to  the  proper  amount, 
thus  keeping  practically  regular  the  amount  of  feed  passing  over  the 
feed  roller  to  the  grinding  rolls  E  and  F.  The  advantage  gained  by 
having  the  lower  roll  F  adjustable  is  that  all  wear  in  the  working 
parts  connected  with  the  adjustment  is  taken  up  by  the  weight  of  the 
roll  itself ;  and  the  distance  apart  of  the  working  or  grinding  surfaces, 
which  is  the  most  important  point  in  any  roller  mill,  can  be 
absolutely  assured  by  the  adjusting  gear.  The  handwheels  L  are 
for  setting  exactly  each  end  of  the  lower  roll  F,  so  that  its  surface 
may  always  be  truly  parallel  with  that  of  the  upper  roll  E.  The 
boxes  M  contain  sjjiral  springs,  Avhich  can  be  set  to  any  required 
tension  and  so  give  the  requisite  grinding  pressure.  As  seen  from 
Fig.  11,  the  spring  pressure  is  so  applied  as  to  be  in  no  way  affected 
by  the  distance  at  which  .;the  rolls  are  set  apart.  Power  is  transmitted 
by  belt  to  the  upper  roll  of  each  pair ;  and  the  correct  differential 
speed  of  the  lower  roll  is  maintained  by  double  helical  toothed 
wheels  running  in  oil-tight  casings. 

Three-high  Boiler  3IiU. — In  Fig.  13,  Plate  42,  is  shown  a  transverse 
vertical  section  of  the  three-high  roller  reducing  mill  with  smooth 
rolls,  for  reducing  the  broken  grain  to  flour.  The  centre  roll  here 
runs  in  fixed  bearings,  and  the  upper  and  lower  rolls  are  carried  in 
adjustable  levers ;  and  similar  means  to  those  in  the  four-roller  mill 
are  adopted  for  throwing  the  rolls  apart,  for  adjusting  independently 
each  end  of  the  upper  and  lower  rolls,  and  for  effecting  these 
adjustments  without  interfering  with  the  grinding  pressure.  Two 
distinct  materials  can  also  be  treated  in  this  machine :  the  feed 
passing  between  the  upper  and  centre  rolls  falls  thence  through  the 
spaces  between  the  vertical  tubes  A  into  the   under  hopper  of  the 
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mill ;  while  the  material  to  he  ground  between  the  centre  and  lower 
rolls  falls  through  the  inside  of  the  tubes.  This  arrangement  of  cross 
channels  has  the  apjiearance  of  a  gridiron  in  front  elevation.  The 
princijial  advantages  of  the  three-high  roller  mill  are  that  the 
downward  grinding  jiressure  on  the  centre  roll  is  counteracted  by 
an  equal  upward  pressure,  so  that  the  friction  duo  to  pressure  is 
eliminated  in  the  bearings  of  the  centre  roll  ;  and  there  are  thus 
only  four  bearings  under  pressure,  as  against  eight  in  the  four- 
roller  mill.  Furthermore  the  three-high  roller  mill  occupies  but 
little  floor  sijace. 

Purifier. — In  Plate  43  is  shown  a  longitudinal  section  of  the 
"  reform "  purifier,  the  use  of  which  is  of  vital  importance  in 
modern  milling,  for  by  its  application  a  perfect  purification  of  all 
middlings,  from  flour  to  the  coarsest  semolina,  is  jiossible  without 
waste.  From  the  feed  hopper  A,  by  means  of  the  feed  roller  B,  the 
middlings  are  fed  upon  an  oscillating  sieve  C,  which  is  hung  from 
the  suspension  rods  E  and  is  moved  rapidly  to  and  fro  by  eccentrics  on 
the  shaft  D.  Above  and  close  to  the  silk  of  the  sieve  is  fixed  the  grid  of 
channels  F.  Underneath  the  sieve  the  travelling  brush  G  keeps  the 
mesh  of  the  silk  clear.  Exhausting  fans  are  placed  at  H  H,  inside 
an  endless  travelling  filter-cloth  J.  The  middlings  to  be  purified 
are  fed  in  a  continuous  stream  upon  the  head  of  the  oscillating 
sieve,  and  throughout  the  whole  length  of  their  travel  along  it  are 
subjected  to  the  action  of  air  currents  passing  upwards  through  the 
silk  direct  to  the  fans  H.  The  intensity  of  the  air  ciu'rents  is  so 
regulated  as  to  allow  all  the  good  jjure  middlings  to  fall  through 
the  silk  mesh  into  the  worm  conveyer  K ;  but  the  semi-pm"e 
middlings  are  lifted  up  by  the  suction  of  the  fans,  the  object  of 
the  grid  of  channels  F  being  so  to  contract  and  intensify  the  air 
current  immediately  it  leaves  the  silk  that  the  unsound  middlings 
shall  be  lifted  clear  of  the  silk  and  deposited  in  the  channels 
themselves,  whilst  all  light  branny  particles  still  remaining  in  the 
air  are  deposited  on  the  under  surface  of  the  filter-cloth  J  travelling 
overhead ;  thus  the  air  passing  into  the  fan  and  thence  back  to  the 
mill  is  free  from  dust.     By  the  oscillation  of  the  sieve  the  unsound 
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middlings  deposited  in  the  cliannels  F  are  carried  into  one  main 
central  trough,  wliich  delivers  tLem  at  the  tail  end  of  the  machine. 
The  stive  and  branny  particles  are  continuously  removed  from  the 
filter-cloth  by  the  action  of  a  portion  of  the  strong  blast  discharged 
from  the  fans  H,  supplemented  by  suitable  beating  apparatus  in  the 
chamber  L,  and  are  delivered  thence  by  the  worm  M. 

Centrifugal  Dressing  Machine. — In  Plate  44  is  shown  a 
longitudinal  section  of  the  author's  double  centrifugal  dressing 
machine.  Centrifugal  machines  liave  almost  entirely  replaced  the 
large  and  cumbersome  reels  which  not  many  years  ago  were  the 
only  machines  at  the  miller's  disposal  for  separating  the  flour  from 
the  other  products  of  grinding.  A  two-high  machine  is  here  shown, 
because  this  form  is  the  most  useful  in  mills  of  large  output,  not 
only  on  account  of  the  saving  in  floor  space,  but  also  because  the 
ujiper  machine  is  enabled  to  feed  the  one  beneath  it.  The  material 
to  be  dressed  is  fed  by  a  worm  conveyer  at  A  into  the  interior  of  the 
dressing  cylinder  C.  The  flour  or  other  product  dressed  through 
the  silk  or  wire  clothing  of  the  cylinder  is  collected  by  the  worm  B 
underneath ;  while  material  too  coarse  to  pass  through  the  clothing 
is  discharged  from  the  end  of  the  cylinder  through  the  spout  D, 
The  silk  or  wire  clothing  is  stretched  tightly  upon  a  cylindrical 
framework,  being  laced  together  along  its  longitudinal  seam,  and 
secured  by  cords  at  its  ends  to  encircling  rings  E.  The  cylinder 
carrying  the  silk  revolves  slowly,  whilst  inside  it  revolve  rapidly 
the  finger  beaters  F  mounted  on  the  shaft  G.  The  construction  of 
these  beaters  is  such  that,  whilst  offering  but  a  slight  resistance, 
they  can  be  twisted  more  or  less,  so  as  to  hasten  or  retard  the 
travel  of  the  material  along  the  cylinder.  Transverse  partitions  are 
frequently  added  underneath  the  cjs'linder,  as  shown  at  H,  so  as  to 
separate  two  or  more  sizes  of  flour  and  middlings  along  the  length 
of  the  machine. 

The  sample  case  exhibited  contains  small  quantities  of  some  of 
the  intermediate  and  finished  products,  which  will  serve  to  illustrate 
the  following  short  description  of  the  actual  milling  process. 
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Milling  process. — From  the  clcauecl-wLeat  bins  Ibc  graiu  is 
elevated  to  rotary  graders,  which  sort  it  into  three  sizes.  Each  sort 
passes  between  fluted  rolls  set  with  great  nicety  so  as  to  break  every 
individual  wheat  grain  as  near  as  possible  along  its  crease.  The 
l)rokcn  grain  is  next  lifted  into  centrifugal  dressers,  which  take  out 
a  small  percentage  of  flour  that  is  contaminated  with  the  dirt 
released  from  the  crease  or  rubbed  from  the  surface,  and  has  also 
larger  particles  mixed  w'ith  it.  The  broken  -wheat  thence  passes  to 
other  roller  mills,  each  with  finer  flutes,  which  further  open  out  the 
l)erry  and  extract  the  kernel  until  the  bran  is  clean.  After  each 
break  the  granulated  kernel  is  sifted  and  separated  from  the  bran  by 
rotary  scalping  or  sifting  machines,  the  aim  being  to  produce  the 
•smallest  possible  percentage  of  flour,  and  the  largest  possible 
j)ercentage  of  groats  and  granular  particles,  technically  known  as 
middlings  or  semolina.  This  process  is  continued  through  a  series 
of  six  sets  of  fluted  roller  mills,  each  set  being  followed  by  scalj)ers. 
The  duty  of  the  last  set  of  rolls,  which  are  very  finely  fluted,  is  to 
clean  from  the  bran  as  far  as  possible  the  last  adhering  portions  of 
ihe  kernel.  The  main  object  of  the  gradual  reduction  is  to  separate 
the  kernel  from  the  bran  in  as  large  particles  as  possible,  with 
a  view  to  the  greater  facility  thereby  secured  for  freeing  it  from  the 
loran  and  germinal  impurities,  and  afterwards  reducing  it  into  flour 
of  the  highest  quality,  uucontaminated  by  the  presence  of  particles 
■of  bran.  Any  flour  made  during  the  breaking  process  is  necessarily 
of  rather  a  low  quality,  being  contaminated  by  admixture  of  bran  and 
germ  etc.,  which  it  is  impossible  afterwards  to  separate  from  it 
entirely.  In  recent  mills  the  writer  has  succeeded  in  reducing  the 
proportion  of  this  break-flour  to  as  little  as  5  per  cent,  of  the  total 
flour  produced.  So  excellent  a  result  has  been  attained  by 
improvement  in  the  system  of  gradual  reduction  by  fluted  rolls,  and 
by  separation  of  the  breaks  by  rotary  scalpers,  the  action  of  which 
is  peculiarly  adapted  to  such  work.  The  extracted  kernel  or  break- 
meal  varies  very  much  in  value  according  to  the  break  from  which 
it  comes.  In  the  Rio  mill  it  is  divided  into  four  distinct  qualities, 
•each  of  which  is  conveyed  to  reels  and  rotary  graders,  which  dress  out 
.the  break-flour,  and  sort  the  middlings,  or  particles  nearest  in  size  to 
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flour,  into  as  mauy  as  about  eiglit  distinct  sizes ;  and  also  into  tlie 
same  number  of  sizes  tbe  semolina  or  larger  portions  of  the  kernel, 
which  are  somewhat  like  rough  sand.  Each  size  of  middlings  goes 
into  a  purifier  of  the  kind  shown  in  Plate  43,  to  be  freed  from  fluff  and 
all  branny  portions  before  further  rolling.  Each  size  of  semolina  is 
conveyed  to  one  of  the  semolina  or  gravity  purifiers,  in  which, 
whilst  falling  in  a  thin  stream  over  zigzag  louvre  boards,  it  is 
subjected  to  a  blast  of  air,  whereby  the  lighter  portion  or  stive 
is  blown  away.  The  heavier  pure  semolina  falls  separately  upon  an 
oscillating  sieve,  by  which  it  is  further  subdivided  into  four  sizes. 
Each  of  these  again  passes  down  zigzag  louvre  boards,  while  a 
current  of  air  drawn  across  the  running  material  by  a  fan  separates 
it  into  semolina  of  first  and  second  quality,  the  small  bran  and 
light  stive  being  drawn  away  through  the  fan.  The  germ,  being  of 
equal  specific  gravity  with  the  best  middlings  and  semolina,  is 
still  contained  in  them.  These  therefore  are  all  now  conveyed, 
according  to  their  size  and  quality,  to  separate  smooth-roller  mills, 
which  are  so  set  that  they  reduce  the  semolina  and  middlings,  but  only 
flatten  the  germ ;  consequently  the  latter  is  readily  and  automatically 
separated  in  the  dressing  or  separating  process  that  follows  each 
rolling.  The  extraction  of  the  germ  is  desirable,  because  the  presence 
of  this  oily  body  spoils  the  flour  if  stored  for  a  long  period,  and  also 
adversely  affects  its  taste.  No  flour  will  stand  a  long  journey  by  sea 
if  the  germ  is  not  extracted ;  and  the  separated  germ  fetches  a  good 
price  for  cattle  food.  The  gradual  reduction  is  continued  even  in 
the  treatment  of  the  semolina  and  middlings,  partly  because  the  flour 
jiroduced  by  high  grinding  or  gradual  reduction  is  better  in  colour 
and  in  baking  quality  than  that  produced  by  low  grinding  or  rapid 
reduction  ;  and  partly  because,  the  more  gradual  is  the  reduction 
into  flour,  the  greater  is  the  facility  for  again  separating  and 
removing  further  particles  of  bran,  germ,  and  other  foreign  matter, 
which  are  still  present  amongst  the  particles  of  kernel,  however 
careful  may  have  been  the  purification.  It  is  in  the  elaboration  of 
the  best  means  of  effecting  this  object  by  automatic  appliances  that 
the  modern  improvement  in  roller  milling  mainly  consists.  After  each 
careful  reduction  of  the  purified  semolina  by  smooth  chilled-iron 
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rolls,  tlic  rolled  product  is  passed  into  centrifugal  dressing  machinery 
with  silk  coverings,  through  which  the  flour  and  reduced  middlings 
arc  dressed  and  separated  out.  The  flour  goes  to  the  flour  packing 
machinery;  but  the  middlings  and  tailings  from  the  dressing 
machines  are  first  separated  and  purified  by  dusting  reels  and 
purifiers,  and  are  then  further  reduced  by  rollers,  and  re-dressed  and 
re-purified,  until  the  separation  of  the  flour  from  the  oftals  i& 
completed.  In  the  Eio  mill  this  reduction  by  smooth  rolls,  apart 
from  the  granulation  by  fluted  rolls,  entails  operations  which  while 
perfectly  automatic  are  also  perfectly  under  control. 

The  flour  from  each  of  the  dressing  machines  is  delivered  at  will 
into  any  one  of  the  four  main  flour-conveyers,  which  run  from  end  to 
end  of  the  mill.  This  arrangement  enables  the  miller  to  combine 
the  different  kinds  of  flour  into  any  number  of  qualities  desired. 
Four  distinct  qualities  of  offal  are  also  collected.  From  the  mill  the 
flour  and  offal  are  separately  conveyed  across  the  yard  by  bands 
marked  L  in  Plates  36  and  38  to  the  flour  store,  where  they  are  all 
taken  off  and  packed  into  barrels  or  sacks  by  mechanical  packers. 
The  last  part  of  the  process  only,  namely  the  weighing  of  the  flour 
and  its  storage  and  distribution,  is  performed  by  manual  labour  ;  up 
to  this  point  every  portion  of  the  work  described,  from  the  unloading 
of  the  wheat  from  the  vessel  to  the  packing  of  the  flour,  is  done 
altogether  automatically.  The  flour  store  has  a  capacity  of  30,000 
sacks  of  flour,  and  besides  the  packing  and  weighing  machinery 
contains  three  double  friction-hoists,  for  raising  the  flour  for  storage 
in  the  upper  floors,  and  for  loading  it  into  the  carts. 

Dust  Collector. — For  the  purpose  of  collecting  the  dust  with 
which  the  air  in  flour  mills  is  laden,  a  contrivance  has  recently  been 
invented  in  the  United  States,  which  is  applicable  also  to  any 
manufactures  where  it  is  desired  to  free  the  air  from  dust  or  fluff, 
with  a  view  either  to  the  comfort  of  the  worki)eoj)le  or  to  the 
prevention  of  waste.  The  field  for  its  application  is  thus  an. 
extensive  one,  and  will  become  all  the  more  so  when  its  simplicity 
and  advantages  are  more  generally  known. 

The  machine,  which  is  called  the  "  cyclone "  dust  collector, 
consists  mainly  of  a  plain  inverted  conical  chamber  of  sheet-iron  D, 
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Figs.  5  and  6,  Plate  39.  The  dust-laden  air,  collected  as  usual  by  an 
exhaust  fan  and  propelled  through  a  wind  trunk,  enters  the  dust 
collector  through  the  inlet  spout  A,  and  being  forced  against  the 
surface  of  the  cone,  is  made  to  revolve  in  a  spiral  direction  downwards, 
as  shown  by  the  arrows.  By  the  action  of  the  air  current  and  by 
centrifugal  force,  the  particles  of  dust  keep  close  to  the  conical  surface, 
and  are  swept  round  and  round,  gradually  reaching  the  opening  B  at 
the  bottom,  where  they  pass  out,  and  are  collected  into  any  desired 
receptacle.  The  volume  of  purified  air,  on  the  other  hand,  finding 
itself  confined  as  it  works  down  the  cone,  turns  upward  in  the  centre 
and  escapes  through  the  central  tube  C  at  the  top  of  the  apparatus. 
The  process  is  so  simple  and  effective,  that  without  actually  seeing 
the  machine  at  work  it  is  difficult  to  credit  the  result,  and  still  more 
to  realise  the  complete  manner  in  which  in  most  cases  the  separation 
of  the  dust  from  the  air  is  accomplished. 

From  the  drawing  and  the  model  exhibited  it  will  be  seen 
that  the  machine  has  no  moving  parts,  requires  in  itself  no  driving 
power,  and  is  practically  free  from  wear  and  tear.  It  also  does  away 
with  the  great  objection  to  all  previous  dust  collectors  which  strain 
the  air  through  cloths  or  flannels,  namely  that  the  latter  obstruct 
the  free  passage  of  the  air,  and  gradually,  but  inevitably,  in  spite  of 
care  and  cleaning  devices,  become  filled  up  with  soft  adhesive  dust, 
which  with  the  moisture  of  the  atmosphere  forms  a  paste,  and 
renders  the  filter  cloth  useless  after  periods  varying  from  a  few 
weeks  to  a  few  months  according  to  circumstances.  This  objection 
is  all  the  more  serious  in  flour  milling,  because  by  the  gradually 
increasing  resistance  offered  to  the  air-current  other  machines 
depending  upon  the  regularity  of  the  exhaust  are  affected  in  the 
quality  of  their  work  and  otherwise.  The  cyclone  dust  collector 
has  the  great  advantage  that  it  works  without  impairing  the  constant 
wind-pressure.  It  has  already  been  most  extensively  applied  to 
many  industries  in  the  United  States,  and  for  flour  milling  and  wood 
working  alone  over  3,000  machines  are  there  in  use.  In  this 
country  more  than  300  machines  have  already  been  set  to  work  by 
the  writer  within  a  period  of  a  very  few  months  and  with  very 
satisfactory  results. 

T  2 
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Discussion. 

Mr.  Simon  exhibited  a  case  of  samples  of  grain,  flour,  and  by- 
j)roducts,  taken  from  the  successive  stages  of  his  roller  milling 
process.  Also  a  specimen  of  the  dust  collector,  about  one  quarter 
the  size  of  that  illustrated  in  Plate  39,  of  the  kind  used  for 
collecting  shavings  and  small  chips  of  wood  &c.  from  joiners' 
shops ;  it  has  a  spiral  rib  or  projecting  ledge  winding  down  the 
inside  of  the  cone,  which  is  found  necessary  for  guiding  these 
bulkier  substances  down  to  the  discharging  hole  at  bottom,  and 
separating  them  from  the  air  escaping  upwards  through  the  central 
aperture  at  top.  The  one  shown  in  Plate  39  is  that  used  in  flour 
mills,  and  is  for  collecting  dust :  for  which  purpose  no  sjiiral  rib 
inside  is  found  to  be  necessary. 

Mr.  Joseph  Fogerty  said  that  some  thirty-five  years  ago  ho  had 
paid  a  good  deal  of  attention  to  milling,  having  then  been  engaged 
with  his  father  in  building  a  number  of  mills  in  Ireland.  At  that 
time  he  believed  there  was  not  any  roller  mill  in  existence  in  Great 
Britain.  Attempts  had  been  made  to  employ  rollers  for  the  purpose 
of  breaking  the  grain  before  it  entered  the  millstones,  but  the 
rollers  had  not  been  fluted  as  they  now  Avere  ;  the  rollers  had  been 
first  grooved  longitudinally  and  then  cut  with  transverse  grooves,  so 
that  a  series  of  minute  diamond  points  were  formed  on  the  surface. 
Those  rollers  had  done  well,  and  possibly  some  of  them  were  still 
at  work  in  flour  mills  at  Limerick.  Subsequently  he  went  to 
Hungary  to  examine  the  roller  mills  erected  at  Budapest ;  but  it  was 
then  very  difficult  to  induce  the  owners  of  the  mills  to  allow  any 
2)art  of  the  process  to  be  investigated  by  an  English  engineer, 
and  they  were  jjarticular  not  to  divulge  the  secrets  of  their 
trade.  Shortly  afterwards  however  ]Mr.  Buchholz,  who  he  thought 
might  be  called  the  inventor  of  the  roller  process  of  grinding, 
published  a  work  in  which  the  attention  of  English  millers  was 
drawn  to  the  subject  of  manufacturing  a  much  better  quality  of 
flour  than  had  previously  been  produced  in  this  country.  In  the 
discussion   of   the   author's  former  paper  seven  years  ago   at   the 
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Institution  of  Civil  Engineers  (1882,  vol.  Ixx,  page  246)  he  Lad 
expressed  the  opinion  that  the  days  of  millstone  grinding  were 
numhered;  while  on  the  other  hand  one  of  the  largest  bakers  in 
London.  Mr.  Nevill,  had  stated  (page  248)  that  he  at  all  times  gave 
preference  to  stone-ground  flour.  In  a  short  time  however  he 
believed  it  would  be  difficult  to  get  any  other  than  roller-ground 
flour.  The  main  objection  alleged  to  the  latter  had  been  that  it 
produced  so  much  of  what  was  called  split  flour ;  but  by  improvements 
recently  introduced  this  objection  he  thought  would  be  totally  done 
away  with. 

It  was  undesirable  in  a  flour  mill  to  have  the  screen  rooms 
attached  to  the  milling  part  of  the  building.  For  it  was  a  well 
known  fact  that  flour  mills  were  destroyed  not  only  by  actual  fire 
produced  from  friction,  but  also  by  explosion,  when  in  certain 
states  of  the  atmosphere  fine  dust  was  infiltrated  through  the  air 
and  it  became  explosive.  Some  mills  had  been  totally  destroyed 
by  exj)losion,  without  any  one  being  able  to  say  how  the  accident 
had  been  brought  aboiit.  His  father  had  been  surveyor  to  several 
fire  insurance  companies,  a  large  part  of  whose  business  consisted  of 
insuring  flour  mills  in  Ireland  ;  and  there  had  generally  been  two 
or  three  catastrophes  annually,  arising  from  fire  or  explosion  in  the 
screen  rooms  of  the  mills. 

Mr.  Arthur  Paget,  Vice-President,  enquired  whether  in  referring 
to  explosion,  Mr.  Fogerty  meant  merely  to  convey  the  fact  that  in  a 
flour  mill,  as  iu  some  parts  of  a  cotton  mill  and  as  in  many  other 
manufactories  imder  special  circumstances,  the  air  was  in  some 
positions  so  heavily  laden  with  dust  as  to  be  in  a  state  to  conduct 
flame  ;  or  whether  he  meant  that  cases  had  occurred  of  spontaneous 
combustion  and  consequent  explosion.  When  a  candle  was  taken 
into  a  flour  mill  where  there  was  much  dust  in  the  air,  it  was  well 
known  that  the  flame  would  run  along  it ;  and  this  might  be  called 
explosion.  But  if  it  was  meant  that  the  atmosphere  in  the  flour 
mill  was  sometimes  in  a  state  to  produce  spontaneous  combustion, 
that  was  a  novelty  to  himself,  in  regard  to  which  he  thought  there 
must  be  some  error. 
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Mr.  FoGERTY  replied  that,  Laving  acted  for  a  number  of  years 
■with  his  father  in  Ireland  as  surveyor  to  fire  insurance  companies, 
he  had  had  during  that  time  a  good  deal  of  experience  both  of  fires 
and  also  of  explosions  in  flour  mills,  arising  from  the  accumulated 
dust  in  the  atmosphere.  Whether  the  explosions  were  caused  by 
chemical  conditions,  just  as  hydrogen  was  exploded  when  mixed  with 
a  certain  proportion  of  atmospheric  air,  he  was  not  j^repared  to  say. 
He  only  knew  that  explosions  of  a  mysterious  character  had  occurred 
and  did  constantly  occur  in  the  screen  rooms  of  flour  mills  at  times 
when  the  air  became  charged  with  extremely  fine  dust.  It  was 
probable  that  fire  was  communicated  to  the  mixture  by  a  spark  from 
some  part  of  the  machinery  or  from  candles ;  but  it  had  also  occurred 
that  when  lightning  had  struck  flour  mills  there  had  been  explosions 
in  the  screen  rooms,  the  line  of  the  explosion  being  distinctly 
marked  at  a  certain  height  from  the  floor  all  round  the  building. 
Attention  had  been  drawn  in  the  paper  (page  149)  to  the  fact  of 
the  milling  process  having  now  been  rendered  entirely  automatic ; 
but  he  could  hardly  remember  during  the  last  twenty  or  thirty  years 
any  new  flour  mills  erected  in  Ireland  that  were  not  automatic.  In 
many  of  them  with  which  he  had  been  connected  scarcely  a  single 
workman  could  be  found  iu  any  of  the  upper  storeys  ;  there  might 
be  one  or  two  boys  running  about,  oiling  the  bearings  and  looking 
after  the  driving  bands  ;  but  from  the  moment  the  grain  entered  the 
elevators  until  it  emerged  in  flour  fit  to  slide  into  the  bakers'  sacks 
no  hand  touched  it  during  the  whole  pi'ocess.  That  was  even  under 
the  old  method,  in  which  reels  with  silk  on  them,  called  dressing 
machines,  similar  to  the  machines  illustrated  in  the  drawings,  were 
the  sole  means  of  dressing  flour ;  they  were  very  good  machines, 
and  there  was  not  much  improvement  he  thought  in  the  dressing  of 
flour  in  the  modern  quicker  machines  known  as  centrifugal  machines, 
over  the  old  slow-revolving  silk  machinery.  There  was  however  an 
advantage  in  the  centrifugal  machines,  inasmuch  as  they  did  not  take 
up  one-sixth  part  of  the  floor  space  occupied  by  the  old  machines, 
which  was  an  important  consideration. 

Vertical  bins  for  the  storage  of  corn  ought  not  properly  to  be 
called  silos,  which  was  the  designation  given  to  large  compartments 
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for  storing  grass  and  otlier  agricultural  products  on  the  ground  or 
beneath  the  ground.  In  the  construction  of  these  bins,  which  had 
l)een  largely  introduced  in  the  granaries  of  America,  it  should  be 
borne  in  mind  that  towards  the  bottom  there  was  an  increasing  lateral 
pressure,  caused  by  the  height  of  the  column  of  grain  accumulated 
in  the  vertical  bin,  and  that  it  was  consequently  necessary  to  tie  the 
walls  strongly  together.  A  warehouse  of  this  class,  erected  by 
Messrs.  Bannatyne  in  the  docks  at  Limerick,  had  burst  asunder 
almost  immediately  after  it  had  been  filled,  discharging  the  grain 
into  the  docks;  and  similar  accidents  had  happened  at  Liverpool 
and  elsewhere. 

The  President  enquired  whether  it  was  ov/ing  to  the  bins  not 
being  strengthened  by  ties  that  the  walls  had  burst. 

Mr.  FoGERTY  replied  that  without  the  protection  of  properly 
constructed  ties  vertical  bins  like  those  shown  in  the  drawings  were 
ai)t  he  conceived  to  burst  under  the  lateral  pressure  due  to  the 
vertical  height  of  the  column  of  grain,  and  to  the  heating  and 
expansion  of  the  grain  if  it  were  in  the  slightest  degree  damji. 
Several  had  burst  in  America. 

Having  visited  last  year  some  large  mills  in  America,  and  also 
the  exhibition  of  milling  machinery  at  Cincinnati,  he  had  not  seen 
anything  there  at  all  superior  to  the  machines  described  in  the 
present  paper.  The  three-high  roller  mills  there  used  were  almost 
identical  with  those  illustrated  in  the  drawings. 

The  superiority  of  Hungarian  flour  arose  he  thought  from  the 
superior  class  of  wheat  from  which  it  was  made,  and  from  the  fact 
that  the  Hungarian  millers  did  not  care  to  take  too  much  out  of 
the  wheat ;  as  stated  in  the  paper  (page  150)  they  were  content  with 
from  45  to  50  per  cent,  of  superior  flour  out  of  the  wheat  ground. 
No  English  miller  he  believed  would  be  content  with  so  little,  but 
would  generally  want  to  get  about  two-thirds  of  the  weight  in  fine 
flour,  which  was  an  important  difference.  In  Hungary  the  millers 
had  a  large  market  in  their  own  country  for  second-class  flour  and 
middlings,  which  the  people  were  not  only  content  with,  but  rather 
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preferred ;  all  the  superior  flour  was  therefore  sent  abroad,  and  as 
yet  he  thought  no  English  manufacturer  could  equal  it  in  quality. 
Most  peoi)lc  who  were  particular  as  to  bread  used  Hungarian  flour 
in  their  own  houses,  and  never  found  that  it  failed  to  rise  in  the 
oven  as  the  flour  manufactured  in  this  country  occasionally  did. 

Mr.  William  Schonhetder  asked  wliether  it  was  necessary  to 
Lave  greater  regularity  of  speed  with  the  modern  mode  of  jn'oducing 
flour  by  rollers  than  with  the  old  mode  of  grinding  by  stones.  In 
the  old-fashioned  stone  mills,  worked  either  by  water  or  wind 
power,  he  understood  almost  any  speed  would  do.  In  spinning 
mills  producing  the  finest  cottons  and  silks  very  great  regularity 
of  speed  was  necessary  ;  and  he  should  be  glad  to  know  whether  this 
was  also  necessary  in  the  modern  roller  mills,  and  what  variation 
of  speed  from  the  normal  might  be  jicrmitted. 

Mr.  Heney  Davey  asked  whether  there  was  any  saving  in  the 
power  required  to  drive  the  roller  mill  as  compared  with  the  old 
millstones. 

Mr.  Edwaed  H.  Carbutt,  Past-President,  understood  the 
objection  to  the  old  mode  of  grinding  by  millstones  was  that  the 
flour  was  ground  over  and  over  again,  after  having  been  produced 
from  the  gi"ain,  so  much  so  that  it  got  heated.  The  benefit  of  roller 
milling,  he  believed,  was  that  as  soon  as  ever  the  smallest  quantity  of 
flour  was  made  it  was  passed  through  a  dressing  machine  and  taken 
away,  so  that  it  did  not  continue  to  undergo  rolling  and  re-rolling. 
It  went  through  a  great  many  more  processes  than  it  did  under  the 
stone-grinding  system,  and  he  should  be  glad  to  know  how  many 
more  times  it  went  through  the  machines  now  than  formerly ;  he 
understood  it  went  through  fifteen  or  twenty  times  oftener  than 
under  the  old  process.  In  his  recent  visit  to  America  he  had  been 
to  see  at  Minneapolis  the  largest  flour  mill  in  the  world,  namely 
that  of  Messrs.  Pillsbury,  where  9,500,000  bushels  of  wheat  were 
ground  in  a  year,  representing  7,000  barrels  of  flour  daily,  and 
he   had   been  'greatly  pleased  with  the  work  done ;   fluted  rollers 
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were  being  used,  and  there  were  very  few  men  indeed  in  charge 
of  the  mill,  everything  being  automatic.  In  that  town  6,375,250 
barrels  of  flour  had  been  manufactured  in  the  year  1887. 

With  regard  to  the  so-called  silos,  he  understood  that  each  was  a 
separate  bin,  and  that  they  were  not  dependent  one  upon  the  other. 
In  America  they  were  all  made  of  planks  10  inches  wide  by  1^  inches 
thick,  and  they  were  put  together  so  strongly  that  each  was  able  to 
carry  the  weight  of  the  corn  put  in  it.  He  had  never  heard  of  any 
mill  having  burst  its  sides  through  expansion  of  the  grain. 

In  the  Armour  elevator  or  grain  store  at  Chicago  he  had  been 
told  that  the  grain  was  elevated  at  a  sjieed  of  something  like 
550  lineal  feet  a  minute  to  the  top  of  the  building,  and  was  there 
distributed.  The  building  was  550  feet  long  by  112  feet  wide  and 
155  feet  high,  having  a  capacity  of  2,250,000  bushels  ;  it  contained  a 
1,500  HP.  engine,  and  three  lines  of  rails,  on  each  of  which  could  be 
i)laced  twelve  long  American  cars  ;  there  were  sixteen  shipping  and 
twelve  receiving  elevators,  each  having  a  carrying  capacity  of  7,000 
bushels  per  hour;  and  one  marine  leg  having  a  capacity  of  12,000 
bushels  per  hour,  for  dipping  into  a  ship's  hold.  Having  been  much 
struck  with  so  high  a  speed  for  an  elevator,  he  wished  to  know  whether 
the  same  thing  was  being  done  in  England,  as  he  believed  was  the 
case  at  the  grain  store  at  Fleetwood  belonging  to  the  Lancashire  and 
Yorkshire  Eailway.  In  the  American  mill  he  understood  the  elevator 
had  a  strap  22  inches  wide  carrying  the  buckets,  each  of  which  would 
hold  a  large  quantity  of  grain,  though  he  did  not  know  how  much. 
The  warehouse  at  Fleetwood  had  been  fitted  up  by  Messrs.  Hick 
Hargreaves  and  Co.  of  Bolton,  by  whom  he  had  been  informed  that 
they  had  constructed  an  experimental  elevator  for  trying  at  what  speed 
the  grain  could  be  lifted,  and  for  ascertaining  the  best  shape  for 
the  buckets  and  seeing  that  they  properly  emptied  themselves  in 
passing  over  the  top  pulley.  The  difficulty  in  an  experiment  of 
this  kind  was  that  at  a  high  speed  it  became  impossible  to 
look  into  the  buckets  and  see  whether  they  were  full  of  grain.  If 
the  elevator  ran  too  fast,  the  buckets  might  not  have  time  to  fill 
themselves  full,  and  might  be  carried  up  only  part  full,  and  might 
Dot  entirely  empty  themselves  at  top.     They  therefore  had  recourse 
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to  a  modification  of  the  toy  called  the  thaumatrope  ;  and  by  adapting 
this  idea  to  the  model  grain  elevator,  it  could  be  seen  whether  the 
buckets  were  full  of  grain,  or  exactly  what  quantity  of  grain  was  in 
them,  A  revolving  vertical  disc  with  four  or  more  holes  round  its 
circumference  was  mounted  on  a  centre  pin  alongside  the  belt  of 
buckets,  in  such  a  position  that  the  travelling  line  of  ascending  buckets 
was  tangential  to  the  circle  described  by  the  holes  in  their  revolution  ; 
and  when  the  disc  was  driven  at  the  same  speed  as  the  buckets,  but 
in  the  ojiposite  direction,  the  buckets  were  seen  through  the  holes  in 
the  disc  as  if  they  were  standing  still,  and  the  (quantity  of  grain  in 
them  could  be  seen  quite  clearly,  when  running  at  600  feet  per  minute. 

Mr.  J.  Harrison  Carter,  having  himself  had  the  pleasure  of 
putting  up  a  large  mill  for  Messrs.  Russell  at  Limerick,  had  never 
seen  there  any  roller  mill  dating  back  so  far  as  mentioned  by 
Mr.  Fogerty  (page  164)  ;  but  he  quite  agreed  with  him  (page  166) 
that  the  old  stone  flour  mills  in  Ireland  of  which  he  had  spoken  had 
nearly  all  been  automatic.  He  had  himself  worked  mills  in  Ireland, 
and  so  far  as  he  knew  the  flour  was  never  handled  from  the  time 
the  corn  went  into  the  mills  until  it  came  out  into  the  flour  store- 
rooms, or  sometimes  into  the  sacks,  as  finished  flour. 

With  regard  to  the  lateral  pressure  in  the  silos,  he  might 
mention  that  the  Grain  Storage  Company's  silos  in  Liverpool  were 
built  in  a  honeycomb  shape  in  jdan,  the  diameter  of  each  being  about 
6  feet,  while  the  wall  between  them  was  only  a  single  brick  thick 
or  about  9  inches.  The  amount  of  lateral  pressure  in  each  silo  had 
been  carefully  tested,  and  he  understood  that  at  15  feet  from  the 
surface  it  was  not  much  less  than  at  the  bottom  of  the  silo,  which 
was  very  deep. 

In  the  j)resent  paper  the  automatic  principle  was  advocated  in 
connection  with  roller  flour  milling,  and  reasons  were  given  why  it 
offered  advantages  over  the  continental  or  non-automatic  system.  The 
first  automatic  roller  flour  mill  in  England,  mentioned  in  page  151  as 
having  been  built  by  the  author  in  1881  for  Messrs.  F.  A.  Frost  and 
Sons  of  Chester,  had  he  believed  been  built  by  him  as  an  automatic 
mill  because  he  had  been  ordered  by  them  to  make  it  automatic ;  and 
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in  that  year,  contrasting  automatic  with  non-automatic  systems,  the 
author  had  cautioned  English  millers  who  might  be  intending  to 
employ  the  roller  process  against  the  serious  mistake  of  expecting 
that  any  method  could  be  discovered  which  should  be  so  entirely 
automatic  as  to  require  no  manipulation  or  attention  from  beginning 
to  end.  Such  a  caution  seemed  to  him  to  be  somewhat  at  variance 
with  the  views  expressed  in  the  present  paper  in  favour  of  automatic 
machinery. 

Mr.  Frederick  Colter  having  had  a  good  deal  to  do  with  the 
elevation  of  grain,  especially  barley  and  meal,  had  never  used  a 
speed  anything  like  that  mentioned  by  Mr.  Carbutt  (page  169)  of 
550  or  600  feet  per  minute.  Anything  beyond  300  feet  per  minute 
would  be  thought  considerable,  and  certainly  would  damage  the 
grain  ;  added  to  which,  the  buckets  would  not  deliver  properly. 

Owing  to  the  storage  of  grain  in  deep  vertical  bins,  accidents 
had  occurred  in  several  places  where  the  sides  of  the  building  had 
fallen  out  under  the  lateral  pressure  of  the  grain  in  the  bins  ;  and 
■experience  had  proved  that,  unless  deep  bins  were  strongly  built  and 
well  tied  together  as  mentioned  by  Mr.  Fogerty  (page  167),  such 
accidents  would  recur. 

Eegarding  the  consumption  of  2^  lbs.  of  coal  per  indicated 
horse-power  per  hour  (page  153)  for  the  engines  driving  the  mill 
described  in  the  paper,  he  should  be  glad  to  know  what  kind  of  coal 
it  was,  and  the  cost  per  ton,  and  whether  that  consumption  was 
the  result  of  an  experiment  or  of  actual  working  over  a  jieriod  of 
some  months ;  also  what  was  the  cost  of  coal  per  sack  of  flour  made. 
As  so  little  was  known  on  the  subject,  it  would  also  be  of  interest  to 
learn  what  was  the  relative  indicated  horse-power  used  in  different 
parts  of  the  milling  process :  in  the  dressing  machinery  per  cv/t.  of 
•wheat  cleaned,  and  in  the  break-rolls  per  sack  of  flour  produced ; 
also  in  the  smooth  or  finishing  rolls.  There  was  no  statement  in  the 
paper  as  to  the  weight  of  finished  flour  turned  out  per  hour  in  this 
mill,  nor  as  to  the  speed  of  the  rolls  of  10  inches  diameter  ;  the 
■circumferential  speed  he  believed  was  generally  about  350  feet  per 
minute.      What  was  the  maximum  speed  at   which  the  rolls  were 
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driven  ?  and  had  it  been  found  in  practice,  if  tlic  speed  was  much 
increased,  that  damage  was  done  to  the  flour  ?  Tlie  average  weight 
of  wheat  ground  per  indicated  horse-i)owcr  per  hour  he  should  also 
like  to  know,  as  well  as  the  difference  in  this  respect  between  stone 
mills  and  roller  mills ;  and  tlie  percentage  of  best  flour  made  from' 
the  wheat  ground.  Had  rollers  with  steel  jackets  been  used,  and 
with  what  results  ? 

Mr.  Charles  Neate  as  an  old  resident  in  Rio  had  acted  as 
consulting  engineer  for  the  flour  mills  described  in  the  paper,  which 
had  been  designed  by  the  author  and  carried  out  by  Messrs.  De 
Morgan  Snell  and  Co.  at  a  cost  of  upwards  of  £200,000.  A  great 
deal  of  work  had  had  to  be  done  which  was  independent  of  the 
absolute  milling  machinery.  There  had  been  two  acres  of  ground 
to  reclaim,  and  two  large  buildings  to  erect  upon  it,  a  quay  500  feet 
long  to  construct,  a  pier  to  make,  a  chimney  to  build,  and  so  on : 
altogether  therefore  the  sum  spent  in  equipjjing  the  ground  and  the 
mills  generally  had  been  large  relatively  to  that  spent  upon  the 
milling  machinery  proper,  which  latter  amounted  to  about  £50,000. 
With  regard  to  the  machinery,  which  had  been  designed  by  the 
author,  he  had  himself  had  the  simple  duty  of  ascertaining  whether 
the  machines  themselves  were  good  for  their  kind  of  work,  and  he 
was  glad  to  say  he  considered  them  the  best  of  their  kind ;  better 
machinery  he  thought  could  hardly  have  been  sent  out.  The  mill 
had  now  been  set  to  work,  and  in  a  short  time  he  hoped  would  give 
practical  evidence  of  the  excellence  of  the  machinery.  With  regard 
to  risk  of  fire,  the  buildings  were  almost  entirely  of  iron,  with  the 
exception  of  the  floors  and  joists  and  the  spouting  for  the  grain  and 
flour,  all  of  which*of  course  were  of  wood.  The  building  would  bo 
lighted  by  incandescent  electric  lamps  ;  and  ample  means  had  been 
provided  for  extinguishing  fire  by  the  use  of  a  thousand  Grinnell 
sprinklers  with  a  high  pressure  of  water,  which  were  distributed 
over  the  whole  place ;  and  there  was  also  a  Merry  weather  fire-engine 
in  a  building  apart  from  the  granary.  The  fine  dust  of  flour,  he 
was  aware,  was  exceedingly  inflammable,  and  bad  accidents  had 
occurred  in  consequence  of  its  explosive  nature  ;  but  every  possible 
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precaution  had  been  taken  tliat  could  be  tbougbt  of,  and  Lc  hoped 
therefore  there  was  not  mush  risk  of  fire. 

Mr.  Walter  H.  Thelwall,  representing  Messrs.  De  Morgan 
Snell  and  Co.,  mentioned  that  there  had  been  considerable  difficulty 
with  regard  to  the  foundations  of  the  granary  at  Eio,  in  consequence 
of  their  having  had  to  be  carried  down  to  a  great  depth  in  land 
which  had  been  only  temporarily  reclaimed  from  the  sea  before  the 
quay  wall  was  built.  The  quay  wall  had  now  been  constructed,  and 
it  formed  a  permanent  reclamation  for  all  that  area  of  land.  The 
building  being  constructed  of  a  framework  of  cast  and  wrought  iron, 
as  described  in  the  paper,  had  the  advantage  that  the  framework  of 
iron  was  put  up  without  any  scaffolding,  and  the  brickwork  was  then 
built  over  the  ironwork  erected  in  advance.  The  tower  at  the  end 
of  the  pier  was  constructed  of  wrought  iron ;  and  the  pier  itself  was 
built  of  6-inch  steel  piles  let  into  holes  in  the  rock,  the  superstructure 
being  of  wrought  iron.  The  whole  mill  was  fitted  up  with  electric- 
light  apparatus  supplying  about  600  lights ;  the  dynamos  were  made 
by  Messrs.  Mather  and  Piatt,  and  the  engines  by  Messrs.  Eichard 
Garrett  and  Sons. 

The  silos  shown  in  the  drawings  had  not  been  constructed ;  but 
all  the  floors  had  been  divided  into  bins  by  wooden  partitions  carried 
up  almost  to  the  ceiling  of  each  floor,  as  shown  at  EE  in  Fig.  1,  so  as 
practically  to  have  both  the  floor  system  and  the  silo  system  combined. 
With  regard  to  the  lateral  pressure  of  the  wheat,  some  experiments 
carefully  carried  out  in  Liverpool  by  Mr.  Koberts  a  few  years  ago 
had  led  to  the  conclusion  that  the  pressure  of  the  wheat  upon  the 
sides  of  the  bins  in  no  case  exceeded  50  lbs.  per  square  foot  when 
the  wheat  was  in  good  condition ;  but  of  course  if  it  began  to  swell 
the  pressure  would  become  much  greater. 

The  President  asked  what  was  the  diameter  and  height  of 
the  bins  in  the  experiments  referred  to. 

Mr.  Thelwall  replied  that  according  to  the  experiments  the 
diameter  affected  only  the  pressure  upon  the   bottom  of  the   bin. 
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Mr.  Roberts  he  believcil  liad  experimented  up  to  a  height  of  about 
50  or  GO  feet  with  silos  1,  2,  and  ?>  feet  square,  and  had  found  that 
the  pressure  upon  the  bottom  varied  with  the  diameter  of  the  bin, 
but  was  in  no  case  more  than  a  small  fraction  of  what  the  total 
pressure  upon  the  bottom  would  be  if  the  wheat  acted  like  water. 
In  those  cases  in  which  the  bins  had  burst  he  should  imagine  that 
the  wheat  must  have  got  into  a  bad  condition,  in  which  it  ought 
not  to  have  been  stored  in  bins  at  all. 

Ml'.  Perky  F.  Nuksey  had  seen  the  cyclone  dust  collector  at  work 
very  successfully  six  or  eight  months  ago  at  Messrs.  A.  Ransome  and 
Co.'s  works  at  Chelsea.  In  one  of  the  machine  rooms  there  was  placed 
over  each  of  the  machines  a  hood,  which  was  connected  to  a  horizontal 
pipe  6  or  7  inches  diameter,  running  along  near  the  ceiling  of  the 
room  for  a  length  of  60  or  70  feet  to  a  fan  at  the  end,  which  was 
driven  at  a  pretty  fair  speed ;  and  the  pipe  was  continued  from  the 
fan  out  across  the  yard  to  the  dust  collector,  which  was  placed  near 
the  boiler  house.  The  waste  products  of  the  wood-working  machinery 
consisted  of  sawdust,  shavings,  and  large  chips  of  2  or  3  inches 
cube,  all  of  which  were  rattled  along  rapidly  through  the  pipes 
and  through  the  fan  into  the  dust  collector,  whirled  round  therein, 
and  quietly  deposited  below.  It  w'as  a  remarkable  contrivance,  and 
it  seemed  at  first  perhaps  a  little  incomprehensible  how  a  current  of 
air  carrying  all  that  dust  with  it  should  be  made  to  issue  j)ure  and 
clear  from  all  atoms  and  particles  through  the  central  orifice  in  the 
top  of  the  collector ;  nevertheless  this  was  actually  the  result,  as 
any  one  putting  his  face  over  the  orifice  would  soon  find  out. 

Mr.  James  Armee  said  the  cyclone  dust  collector  had  within  the 
last  two  years  been  successfully  used  for  extracting  moisture  from 
compressed  air.  The  fog  which  naturally  collected  in  compressed 
air  was  almost  instantaneously  extracted  by  this  means,  and  much 
more  efficiently  than  by  leaving  the  air  standing  for  a  period  of  five 
or  ten  minutes.  The  appliance  through  which  the  compressed  air 
was  passed  was  almost  identical  w^ith  the  dust  collector  described  in 
the  paper,  the  only  difference  being  that  the  base  instead  of  being 
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conical  was  cylindrical :  the  moisture  was  drawn  off  from  the  flat 
bottom  by  means  of  an  automatic  cock  witli  perfect  regularity,  and 
the  compressed  air  was  discharged  very  much  drier  than  it  would  be 
if  it  were  cooled  down  another  10  degrees.  That  was  a  curious  and 
satisfactory  fact  in  connection  with  the  manufacture  of  cold-air 
machines. 

If  the  pressure  of  the  grain  in  the  bins  was  so  small  upon  the 
base,  it  seemed  to  point  to  the  fact  that  there  must  be  a  great  deal  of 
lateral  pressure,  not  merely  the  same  lateral  pressure  as  the  vertical 
pressure  upon  the  base  of  the  bin,  but  also  that  due  to  a  wedging 
action  against  the  sides  of  the  bin  ;  otherwise  the  pressure  uijon  the 
base  would  be  equal  to  the  actual  weight  of  the  entire  vertical 
column  of  grain.  Many  of  the  Members  would  doubtless  remember 
seeing  at  last  summer's  meeting  in  Dublin  the  bins  at  Messrs. 
Guinness's  brewery,  and  would  have  noticed  how  solidly  they  were 
constructed,  and  wisely  so,  for  withstanding  the  lateral  pressure, 

Mr.  Seth  Tatlok,  of  Waterloo  Flour  Mills,  London,  was  glad 
to  express  the  obligation  of  his  craft  of  British  millers,  and  of 
roller  millers  generally,  to  the  author  and  all  other  milling 
engineers,  for  the  great  service  rendered  to  millers  in  enabling 
them  to  hold  their  own  with  foreign  competition,  which  otherwise 
might  have  driven  them  out  of  the  field.  Up  to  a  few  years 
ago  they  had  all  been  naturally  wedded  to  millstones.  Some  few 
experiments  had  been  made  in  roller  milling  in  a  crude  way,  but 
none  had  been  successful.  The  system  of  Mr.  Buchholz,  introduced 
nearly  twenty  years  ago  (Proceedings  1872,  page  225),  was  so 
elaborate,  complex,  and  difficult  in  working,  that  it  had  been  a 
failure;  still  it  had  been  the  germ  of  the  present  roller  milling. 
There  had  also  been  at  that  time  Carr's  disintegrator  (Proceedings 
1872,  page  28),  which  it  was  then  thought  was  going  to  produce  a 
great  revolution  ;  but  that  too  had  been  tried  and  found  wanting. 
In  the  disintegrator  the  wheat  was  shattered  to  pieces  by  concussion, 
and  the  semolina  produced  by  that  process  was  afterwards  reduced  by 
rollers.  The  object  in  that  case  had  been  to  make  as  much  flour  as 
possible  by  the  concussion;  but  the  millers  at  that  time  did  not  know 


176  ROLLEU    FLOIK    MII,I-ING.  Jan.  1880. 

(Mr.  Seth  Tiiylor.) 

tliat  the  best  of  the  flour  was  contained  in  the  lianlcr  portion  of  the 
wheat,  which  was  the  semolina.  ITis  own  mill  in  Loudon  had  l)ecu 
cousti'ucted  for  him  by  Mr.  Simon,  and  from  the  experience  of  his 
system  he  had  learned  most  that  he  knew  about  roller  nulling ;  and 
as  far  as  he  knew  it,  this  system  as  carried  out  by  him  was  as  good 
as  any  extant.  In  reality  the  general  principles  of  all  roller  mills 
were  identical ;  they  differed  only  in  the  mode  in  which  they  were 
tarried  out  according  to  the  owner's  ideas.  They  consisted  in 
breaking  the  wheat  by  degrees,  so  as  to  produce  as  little  flour  as 
possible  by  each  operation,  in  order  that  the  flour  might  ultimately 
be  produced  by  the  smooth  rolls  from  the  granular  portions  of  the 
grain  after  these  had  been  separated  in  the  purest  condition. 

As  to  a  difference  in  power  with  millstones  and  rollers,  according 
to  his  own  experience  the  power  was  about  equal.  It  might  be  stated 
by  those  interested  in  roller  milling  that  the  power  was  less  with 
rollers ;  and  this  might  no  doubt  be  so  in  comparison  with  ill-fitted 
stone  mills  that  were  not  worked  up  to  their  full  capacity.  Many 
stone  mills  had  largely  increased  their  output  with  the  same  power 
by  the  introduction  of  roller  milling,  but  those  had  been  mills  which 
had  been  imperfectly  fitted  and  had  not  previously  been  worked  up  to 
their  full  capacity.  From  his  own  experience  of  three  different  mills, 
he  could  state  that  his  production  had  not  been  increased  by  roller 
mills  which  were  driven  by  the  same  engines  that  had  before  been 
worked  at  the  same  power  for  stone  milling.  Where  the  production 
had  been  increased  by  rollers,  it  was  because  the  same  mills  had 
been  ill-fitted  and  ill-developed  under  the  old  conditions.  The 
actual  Horse-power  required  for  the  production  of  flour  by  either 
jilan  of  grinding  differed  according  to  the  nature  of  the  wheat.  Some 
wheats  took  twice  as  much  jiower  to  reduce  as  other  softer  kinds. 
Mills  which  were  run  merely  with  soft  wheats  would  be  pulled  up 
by  harder  wheat.  There  was  no  absolute  definite  rule :  it  was 
simply  a  question  of  all-round  calculation,  and  taking  it  roughly  the 
power  was  about  one  horse-power  per  hour  per  bushel  of  soft  wheats 
up  to  two  horse-power  for  hard  wheats.  The  great  advantage  of 
rollers  as  compared  with  millstones  was  that  there  was  less  of 
the  outer    cuticle  of  the   wheat   mixed   with   the   flour   in   roller 
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milling.  Tlie  action  of  millstones  was  accompanied  with  a  certaiu 
amount  of  friction,  wlieroby  the  outside  of  the  wheat  was  reduced 
to  an  impalpable  dust,  which  when  once  mixed  with  the  flour 
could  by  no  possible  means  be  sepai'ated  from  it.  By  the  roller 
system  the  wheat  was  torn  asunder ;  the  particles  were  separated  iu 
larger  pieces ;  and  by  the  gradual  nature  of  the  process — the  flour 
being  sifted  out  at  each  operation  and  the  particles  of  bran  being 
extracted  by  means  of  the  exhaust — at  each  stage  a  purer  flour  was 
obtained,  namely  a  flour  which  contained  the  proper  food  for  man, 
separated  from  that  which  was  the  proper  food  for  beasts. 

The  automatic  principle  was  not  new  as  applied  to  roller  mills ; 
stone  mills  also  were  automatic,  where  properly  fitted.  In  his  own 
stone  mills  there  was  no  more  handling  of  the  material  than  in  his 
roller  mills.  That  the  mills  of  both  kinds  should  be  automatic  was 
of  great  importance  in  saving  labour  and  in  regularity  of  work.  Xo 
man  could  work  with  the  same  regularity  as  an  automatic  machine ; 
and  there  was  consequently  a  great  advantage  in  the  automatic 
system  as  compared  with  hand  labour.  "When  he  saw  the  Hungarian 
mills  many  years  ago,  he  had  been  surprised  at  the  number  of  men, 
women,  and  children,  running  about  with  sieves  and  utensils  of 
different  kinds  to  carry  the  wheat  and  products  from  one  part  of  tho 
mill  to  another.  That  was  now  entirely  avoided  in  the  present 
elaborate  system  of  separation,  each  product  being  taken  in  its 
own  particular  conveyor,  and  conveyed  automatically  to  its  proper 
destination. 

The  President  asked  what  was  the  present  number  of 
separations. 

Mr.  Taylor  replied  they  were  so  numerous  that  it  was  almost 
impossible  to  count  them.  One  miller  would  make  more  separations 
than  another,  and  the  products  were  separated  in  rather  diflerent 
ways ;  but  the  general  principle  was  the  same  in  all  the  present 
plans  of  roller  milling. 

As  to  the  disadvantage  of  the  wheat  being  ground  over  and  over 
again  by  millstones,  no  doubt  that  was  so  to  some  extent,  though 
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■with  properly  adjusted  millstones  it  happened  to  a  less  extent. 
The  eye  of  the  millstone  should  be  hollow ;  and  only  at  their 
circumference  should  the  stones  be  close  together ;  but  even  with 
the  best  adjusted  millstones  the  flour  would  still  get  operated  upon 
oftcner  that  it  should  be.  In  roller  n)ills,  the  rollers  working 
horizontally,  their  point  of  contact  was  of  course  only  on  their 
centre  line ;  so  that  directly  the  material  had  been  dealt  with 
at  that  i^oint  it  was  released  at  once,  and  was  not  further  treated 
until  it  came  to  the  next  operation,  where  it  had  to  be  reduced  to  a 
still  further  fineness.  In  the  present  mode  of  conducting  the  process 
of  gradual  reduction  the  number  of  times  the  material  would  go 
through  the  successive  fluted  and  smooth  rollers  might  roughly  be 
twenty  times. 

The  President  asked  whether  it  was  a  fact  that  the  roller 
machinery  was  not  rigidly  automatic,  but  caj)able  of  adjustment. 

Mr.  Taylor  replied  that  it  was  capable  of  adjustment  in  all 
cases ;  and  a  greater  or  less  number  of  machines  could  be  put  on 
the  wheat,  according  as  the  products  might  require  more  or  less 
treatment. 

Mr.  John  Ferguson,  of  Crescent  Foundry,  Cripplegate,  London, 
wished  to  say  a  word  on  behalf  of  the  old-fashioned  millstones. 
The  elaborate  system  described  in  the  paj^er  showed  that  along 
with  roller  milling  there  had  been  introduced  a  large  amount  of 
superior  machinery  which  the  millers  of  the  old  school  had  never 
thought  of.  Under  the  old  system  there  would  perhaps  be  one 
brushing  machine,  or  perhaps  in  its  absence  all  the  purification  of 
the  wheat  would  be  done  by  winnowing  with  a  fan,  whereby  the 
dust  would  be  drawn  off;  and  then  after  grinding  by  the  stones 
there  would  be  one  large  dressing  machine  to  perform  all  the  rest 
of  the  operations.  But  now,  on  the  other  hand,  there  were  some 
twenty  or  thirty  sifting  processes,  for  which  along  with  the 
rollers  had  been  introduced  machinery  of  the  most  elaborate  kind, 
washers,  brushes,   smutters,  graders,  semolina  purifiers,  centrifugal 
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dressing  macliines,  and  silks  very  superior  to  any  ever  known 
witli  tlie  old  stones.  The  roller  mills  seemed  today  to  be  getting 
the  credit  of  all  that  had  been  done  in  the  improvement  of 
milling,  whereas  as  a  matter  of  fact  the  improvement  was  largely 
due  to  the  introduction  of  this  su^jerior  dressing  machinery  in 
connection  with  the  rollers ;  and  if  the  old  stones  received  the  same 
advantages  as  the  rollers  in  the  better  class  of  dressing  macbinery 
introduced  with  the  latter,  he  thought  they  would  give  better  results. 
From  the  experience  he  had  had  in  fitting  up  a  roller  mill  for 
Messrs.  Appleton  at  Sfcockton-on-Tees,  and  from  what  he  had  also 
seen  of  a  good  many  other  roller  milling  arrangements,  he  was  of 
opinion  that,  if  the  stones  got  the  same  chance  that  the  rollers  had 
received  in  regard  to  the  rest  of  the  machinery,  they  would  do  much 
better  work.  It  was  therefore  highly  desirable,  be  considered,  that 
the  stone  millers  should  be  induced  by  engineers  to  understand  that 
— by  the  adoption  of  better  dressing  machinery  and  better  methods, 
and,  as  in  one  or  two  mills  he  knew  in  London,  by  the  introduction 
of  high  grinding  with  stones  and  the  subsequent  reduction  of  the 
middlings  by  stones  better  dressed — they  would  be  able  to  produce 
better  flour  by  their  stone  mills,  and  would  bring  about  a  revival  of 
their  milling  trade  in  this  country,  notwithstanding  the  present  large 
development  of  roller  milling. 

With  respect  to  the  germ,  roller  millers  had  taken  up  its 
elimination  and  said  this  was  an  advantage  ;  bakers  did  not.  It 
seemed  to  him  that  in  roller  milling  the  food  properties  of 
flour  had  been  largely  sacrificed  to  colour,  and  that  as  a  matter  of 
fact  a  better  or  more  wholesome  food  was  not  obtained  from 
the  flour  when  white  than  when  it  was  a  little  dark.  It  had  been 
said  (page  177)  that  the  food  for  beasts  was  taken  out  of  the  white 
flour,  while  the  food  for  man  was  preserved.  That  might  be  true, 
but  it  must  not  be  forgotten  that  the  beast  was  proportionally 
stronger ;  and  it  was  fair  therefore  to  assume  that,  if  the  beast 
became  strong  and  muscular  on  the  portion  which  was  eliminated, 
man  would  be  better  for  receiving  this  portion  also. 

The  introduction  of  roller  milling  into  this  country  had  been 
accompanied  by  a  large  quantity  of  foreign  machinery,  particularly 
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German  and  Hungarian,  .'iLout  wliich  there  hail  been  n  craze  some 
years  ago.  But  it  had  been  of  very  inferior  make,  the  rollers  being 
actually  fitted  with  white-metal  bearings  with  a  view  solely  to 
cheapness  of  first  cost.  The  consequence  had  been  that  on  starting 
the  mill  the  white-metal  ran  out  of  the  bearings.  The  rollers  ran  at 
high  speeds,  and  tliere  was  a  heavy  prcssitre  on  their  bearings ;  he 
Avas  not  sure  but  that  on  the  wliolc  the  j)ower  absorbed  by  the 
heavy  pressures  on  the  roller  bearings  was  greater  than  by  the 
bearings  of  the  old  millstones.  The  white-metal  bearings  gavc- 
endlcss  trouble  initil  they  were  replaced  by  the  hard  gun-metal 
bearings  now  used,  which  were  requisite  for  standing  the  work. 
The  same  had  been  the  case  with  the  milling  machinery  that  came 
from  America,  all  of  which  had  originally  been  made  with  white- 
metal  bearings ;  at  the  speeds  at  which  they  ran  it  was  almost 
impossible  to  keep  the  bearings  from  melting,  and  then  the  Avhole 
machine  had  to  be  stopped. 

Mr.  Francis  Ashby,  of  St.  James's  Steam  Flour  Mills,  Croydon, 
having  had  experience  of  both  systems  of  milling,  said  that,  in 
regard  to  the  division  of  the  wheat  grain  so  that  some  of  it  should 
be  food  for  man  and  another  part  should  go  to  the  beast,  he  had 
found  man  did  as  a  rule  select  the  product  offered  from  the  roller 
mill  in  preference  to  that  offered  from  the  stone  mill.  The  beast 
had  the  opportunity  of  getting  the  nutrition  from  the  material  to 
a  much  greater  extent  than  man,  inasmuch  as  a  sheep's  intestines 
were  thirty  times  longer  than  its  body,  while  those  of  a  man  were 
only  three  times  the  length  of  his  body ;  and  therefore  the  sheep 
had  a  longer  apparatus  for  dealing  with  some  of  the  coarser  material, 
and  more  time  to  spare. 

Explosions  in  flour  mills  were  certainly  very  extraordinary  ;  and 
he  should  be  glad  if  engineers  could  tell  the  conditions  imder  which 
they  really  took  place.  Although  it  was  the  fact  that  there  was  a 
state  of  the  atmosphere  in  w^hich,  when  charged  with  dry  particles- 
of  dust,  it  would  explode  with  terrific  force,  equal  to  that  of 
gunpowder,  gun-cotton,  or  any  other  well-known  explosive,  yet  no 
one  had  ever   succeeded   hitherto   in   catching   the  atmosphere    ia 
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exactly  that  state  to  examine  it;  tlae  explosion  took  place  before 
■people  were  on  their  guard.  >  It  was  curious  that  in  some  mills 
a  gas  jet  had  even  been  kept  burning  inside  the  dust  collector, 
which  was  usually  a  large  receptacle  or  a  large  room,  covered  with 
sacking  or  gauze,  where  the  heavier  particles  of  dust  might  settle 
down  owing  to  a  larger  space  being  allowed  for  the  dust-laden  air 
to  spread  out  in.  That  was  one  of  the  most  dangerous  parts  of 
the  mill ;  but  he  had  known  some  millers  to  keep  a  gas  jet  always 
burning  there,  and  yet  they  had  never  had  an  explosion  in 
consequence. 

The  centrifugal  dressing  machine  was  certainly  a  very  great 
improvement,  mainly  because  in  the  old  machinery  the  principle  of 
gravity  alone  had  been  used  in  the  sifting  process,  whereas  the 
new  machine  utilised  the  two  powers  of  centrifugal  force  and  gravity 
together.  By  running  the  centrifugal  machine  at  a  difierent  speed 
according  to  the  quality  of  the  material  to  be  dealt  with,  and 
clothing  the  cylinder  with  the  right  mesh,  the  exact  separation 
that  was  required  could  be  obtained  with  j)rccision :  material 
of  heavier  specific  gravity  was  treated  at  a  lower  speed,  and 
material  of  lighter  specific  gravity  at  a  higher.  For  making  good 
flour  it  was  important  to  granulate  in  such  a  way  that  the  particles 
should  be  assorted  evenly,  so  that  the  flour  sent  to  the  baker  should 
be  even  in  size.  In  this  particular  there  was  considerable  advantage 
in  the  centrifugal  machine,  which  not  only  produced  such  a  j)erfect 
separation  but  really  did  it  at  less  cost :  so  that  it  was  an  immense 
improvement  in  flour  mills. 

In  England,  where  labour  was  comparatively  dear,  the  automatic 
principle  was  the  real  secret  of  success  in  roller  milling.  A  profit 
could  not  possibly  be  made  upon  roller  milling  here  if  as  much 
labour  were  expended  upon  it  as  in  the  southern  parts  of  Europe. 
But  this  did  not  exactly  prove  that  automatic  roller  milling  was 
absolutely  the  most  perfect  way  of  producing  flour.  It  Avas  said  that 
the  best  flour  still  came  from  the  south  of  Europe.  That  arose 
partly  from  the  selection  of  the  wheat;  but  no  doubt  the  non- 
automatic  plan  there  in  use  afforded  better  opportunities  for  a  skilful 
operator  to  make  selections.     In  some  of  the   Hungarian  mills  not 
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only  was  the  semolina  carefully  graded,  but  separate  sorts  were  also 
selected  out  of  it,  and  the  miller  could  almost  tell  where  a  particular 
handful  of  semolina  came  from  in  the  wheat  berry,  and  could  thus 
assort  from  the  berry  the  exact  particles  that  he  wanted.  That  could 
hardly  be  done  in  an  automatic  mill.  Another  feature  was  that  a  miller 
was  dealing  with  an  organic  substance  and  not  with  an  inorganic  ;  and 
there  was  all  the  ditierence  between  a  berry  of  wheat  and  a  piece  of 
rock.  The  automatic  machinery  was  not  so  contrived  as  to  give  the 
organic  matter  time  to  die ;  but  the  non-automatic  mill  could  give 
certain  portions  of  the  wheat  berries  time  to  change  and  die,  somewhat 
in  the  way  that  a  nut  might  wither,  so  that  tbe  outer  husk  could 
be  more  easily  removed.  Just  in  that  way  therefore  a  non- 
automatic  mill  skilfully  managed  might  be  made  to  turn  out  a 
better  quality  of  flour  than  an  automatic  mill.  The  skill  which 
had  been  brought  to  bear  by  the  author  and  other  milling 
engineers  upon  the  difficult  and  apjiarently  impossible  task  of 
rendering  profitable  to  English  millers  the  almost  interminably 
long  series  of  processes  previously  carried  out  in  the  south  of 
Euroi^e  deserved,  he  was  sure,  the  highest  commendation :  it  had 
indeed  been  a  most  difficult  task,  but  step  by  stej)  it  had  been 
successfully  accomplished,  and  it  was  one  of  the  marvels  of  the  last 
ten  years. 

With  regard  to  the  power  used,  it  was  reckoned  tbat,  if  a  mill 
did  not  consume  more  than  six  horse-power  per  sack  of  280  lbs.  of 
flour  turned  out  per  hour,  it  was  not  badly  worked.  He  did  not 
know  whether  there  were  any  millers  doing  that  work  svith  less 
power  than  this  ;  but  a  great  many  were  using  nine  horse-power  per 
sack  of  flour  per  hour,  not  including  the  cleaning  of  the  wheat. 

It  could  not  be  too  clearly  borne  in  mind  that  the  characteristic 
feature  of  the  elaborate  system  of  reduction  carried  out  in  connection 
with  roller  milling  w^as  the  continuous  separation  of  the  finished 
from  the  unfinished  products  in  each  successive  stage.  The  bran  and 
a  little  flour  and  the  semolinas  were  the  products  of  the  first  set  of 
operations,  which  constituted  what  were  called  the  wheat  breaks. 
Then  afterwards,  in  an  altogether  distinct  set  of  operations, 
constituting  what  was  called  the  reduction  projper,  the  semolina  was 
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ultimately  converted  iiito  flour  of  different  degrees  of  fineness,  the 
purifiers,  centrifugal  dressers,  and  smootli  rolls  being  the  principal 
appliances  employed  for  this  j)urpose.  The  great  advantage  gained 
over  the  old  method  lay  in  the  fact  that,  as  fast  as  the  material  was 
broken  down  step  by  stej),  at  each  act  that  which  was  finished  was 
removed.  Whereas  in  the  old  process  bran  was  being  ground  over  and 
over  again  between  the  millstones,  simply  because  there  was  no  means 
of  eliminating  from  between  the  surfaces  of  the  stones  the  portion 
which  was  already  ground  suflBciently,  in  the  new  process  the 
grinding  instead  of  being  done  continuously  was  done  step  by  step, 
and  at  each  stage  just  as  much  of  the  product  as  was  finished  was 
removed,  whether  it  was  finished  flour  ready  to  go  into  the  sack,  or 
finished  offal  wholly  cleaned  from  any  other  useful  product. 

Mr.  Henry  Davey  gathered  from  the  data  which  had  been 
furnished  in  the  paper  (page  153)  and  by  Mr.  Ashby  (page  182)  that 
1  lb.  of  coal  might  roughly  be  reckoned  to  produce  about  20  lbs. 
of  flour. 

Mr.  Seth  Taylor  said  he  had  seen  the  horse-power  tested,  and 
the  result  altogether  depended  upon  what  drive  or  rate  of  feed  was 
arranged  for  the  stones  or  rollers,  according  to  the  nature  of  the 
wheat.  The  quantity  of  flour  that  could  be  turned  out  per  horse- 
power per  hour  depended  entirely  upon  the  proper  adaptation  of  the 
speed  of  grinding  to  the  quality  of  the  wheat. 

Mr.  Thomas  A.  Adamson  mentioned  that  in  1881  Messrs. 
Carmichael's  mill  in  Belfast  had  been  fitted  up  as  a  roller  mill  by 
Messrs.  John  Eowan  and  Sons.  So  far  as  he  knew,  the  old  method 
of  stone  milling  had  wp  to  that  time  been  used  all  through  Ireland, 
and  worked  automatically ;  and  the  Belfast  mill  he  believed  was  the 
first  complete  roller  mill  fitted  up  in  Ireland.  Having  at  that  time 
been  connected  with  the  firm  mentioned,  he  had  made  many  sets 
of  rolls  for  milling,  together  with  centrifugal  machines.  Of  the 
latter  some  had  been  supplied  to  Mr.  Seth  Taylor  and  others  to 
Mr.  Ashbv. 
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]\Ir.  WiLLiA^tr  Stringer,  rei)rcscnting  Mr.  Simon  who  was 
unfortunately  prevented  by  ill-hcaltli  from  being  i^resent,  said  that 
the  construction  of  the  silos  or  bins  was  a  subject  to  which  during 
the  last  few  years  special  attention  had  been  given  by  the  author, 
who  in  company  with  himself  had  travelled  in  the  different  countries 
of  Europe,  and  seen  most  of  the  principal  silos  and  the  ditferent 
modes  of  construction.  That  there  was  not  a  great  lateral 
pressure  had  been  clearly  shown  by  Mr,  Carter,  who  had  instanced 
(page  170)  one  of  the  largest  silos  in  England,  in  which  there 
was  only  a  single  brick  thickness  of  wall  to  resist  the  lateral 
pressure;  the  bins  of  that  silo  in  Liverpool  he  understood  were 
as  much  as  7  or  8  feet  diameter.  The  lateral  pressure  in  bins 
he  believed  was  sometimes  much  overstated.  From  Mr.  Eoberts' 
experiments  in  Liverjijool  (page  173)  he  believed  the  conclusion 
arrived  at  was  that  after  wheat  had  been  piled  up  to  twice 
the  diameter  of  the  bin  it  ceased  to  increase  the  lateral  pressure. 
Necessarily  the  whole  weight  was  eventually  supported  on  the 
bottom ;  but  it  did  not  settle  uj)on  any  jmrticular  part  of  the  bottom. 
The  wheat  in  the  bin  formed  itself  into  a  solid  column ;  and  if  any 
part  of  the  bottom  of  the  column  were  supported,  the  whole  weight 
of  the  column  would  be  supported  thereby,  just  as  if  the  column  of 
•wheat  were  a  solid  piece  of  sandstone.  Similarly  if  a  hole  were  cut 
in  the  bottom  of  the  bin,  there  was  only  a  small  amount  of  pressure 
on  the  part  cut  out :  so  that  in  actual  j)ractice  a  thin  wooden  slide, 
not  more  than  ^  or  f  inch  thick,  was  sufficient  to  close  any  aperture 
in  the  bottom  of  the  bin.  Having  been  over  the  grain  warehouse  at 
Limerick,  referred  to  by  Mr,  Fogerty  (page  167),  he  had  never  heard 
of  its  having  burst  asunder ;  a  portion  of  the  wall  had  given  way 
through  defective  foundations,  but  the  bins  had  remained  intact  and 
none  of  the  grain  had  been  lost  or  injured.  The  dock  was  some 
70  yards  distant  or  more  from  the  present  granary.  The  practice  of 
tying  the  bins  was  not  adopted  in  recent  constructions.  The  most 
approved  construction  at  the  present  time  was  that  used  generally  in 
America,  and  at  Fleetwood  and  other  places  in  England,  and  was 
very  simple.  Lengths  of  timber,  the  longer  the  better,  were  used 
much    in    the   same   manner    as   bricks   for   building,    being   laid 
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liorizoutally  in  courses ;  and  each  layer  was  securely  spiked  to  tlie 
oue  beneath  it,  so  that  when  the  building  was  completed  each  of  the 
four  vertical  sides  of  all  of  the  bins  formed  a  wall  built  of  wooden 
layers.  The  planhs  first  used  were  about  10  inches  wide  ;  and  even 
at  Fleetwood  the  wall  commenced  with  a  thickness  of  7  or  8  inches 
at  the  base,  tapering  gradually  to  about  4  inches  at  the  top.  But  it 
was  now  found  that  bins  7  or  8  feet  square  did  not  require  their 
w^alls  to  be  more  than  3i  inches  thick  when  constructed  of  timber  in 
this  way,  even  though  tie  rods  were  not  used  at  all  to  aid  in 
resisting  the  lateral  pressure.  A  bin  so  constructed  he  understood 
had  recently  toppled  over  in  America,  through  a  defect  in  the 
foundations  ;  but  the  bin  itself  had  remained  intact  and  Avholc,  as 
when  built. 

It  seemed  impossible  to  say  with  accuracy  what  was  the  amount 
of  power  required  in  roller  milling  as  compared  with  stone  milling 
(page  168)  ;  so  much  depended  upon  the  hardness  of  the  wheat 
ground,  and  upon  the  simplicity  or  otherwise  of  the  process  of  milling 
by  stones.  The  class  of  wheat  ground  by  Mr.  Taylor's  mill  (page  176) 
•was  very  hard,  and  as  a  consequence  it  took  a  large  amount  of  power  ; 
for,  as  in  the  process  of  roller  milling  a  great  portion  of  the  grain 
was  first  made  into  semolina  and  then  reduced  to  flour  by  smooth 
rolls,  it  followed  that,  the  harder  the  wheat,  the  greater  was  the 
quantity  of  semolina  produced,  and  the  smaller  was  the  difference  in 
the  power  required  in  roller  milling  as  compared  with  stone  milling. 
In  other  districts  however,  where  wheat  of  medium  hardness  or  soft 
wheat  was  used,  the  power  saved  by  the  roller  system  was  considerable, 
amounting  to  as  much  as  fully  oue  third.  But  this  saving  was  not 
due  to  the  substitution  of  the  better  class  of  lighter  running 
machinery  in  place  of  ill-fitted  and  ill-developed  machinery  of 
older  construction  (page  176).  For  the  mere  turning  round  of  all 
the  machinery  at  the  proper  speed  in  an  ordinary  roller  mill 
running  empty  absorbed  as  much  as  half  of  the  power  required  to 
drive  it  when  turning  out  the  flour,  and  a  great  deal  more  than  on 
the  old  and  simpler  millstone  system  was  required  for  turning  the 
machinery  round  when  empty.  After  the  mill  had  been  brought  up 
to  proper  speed,  then  the  further  power  required  for  reducing  flour 
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from  mctlinm  wlieat  by  the  ivjller  process,  as  compared  with  that 
by  tlie  stones,  Avas  not  much  more,  he  tliought,  than  one  half. 
Hard  wlieat  required  more  than  twice  as  much  power  for  actual 
grinding  as  medium  wheat ;  not  double  the  whole  power  put  into 
the  mill,  but  double  tbe  cOective  grinding  power  after  all  tbo 
machinery  had  been  already  brought  up  to  speed.  For  the  medium 
wheats,  whether  mixed  or  treated  singly,  the  power  required  for 
the  milling  proper,  as  distinct  from  the  wheat-cleaning  machinery, 
was  about  8  horse-jiower  per  sack  of  flour  produced  per  hour ; 
while  including  the  wheat-cleaning  machinery  and  all  the  shafting 
connected  therewith,  it  amounted  to  between  9  and  10  horse-power 
per  sack  per  hour.  Hard  wheat  treated  by  the  same  machinery 
would  take  about  12  horse-power  per  sack  of  flour  per  hour.  In  a 
mill  indicated  a  few  days  ago  the  power  was  from  8h  to  9  horse- 
power per  sack  of  flour  per  hour,  including  all  the  machinery.  With 
medium  wheat  the  power  absorbed  by  the  fluted  break  rollers,  by  the 
smooth  rollers,  and  by  the  dressing  machinery,  was  pretty  evenly 
divided  into  thirds ;  the  break  rollers  took  one  third,  the  smooth 
rollers  another,  while  the  remaining  third  was  taken  by  the  dressing 
machinery.  But  with  hard  wheat  the  smooth  rollers  took  much 
more,  and  in  some  cases  would  absorb  half  the  whole  power.  The 
subject  of  power  had  been  very  fully  gone  into  by  the  author  in  his 
paj)er  in  1887,  referred  to  in  page  151,  in  which  the  actual  jjower  taken 
by  the  various  machines  in  the  trials  made  had  been  clearly  given. 
Having  himself  sujierintended  those  exjieriments  for  three  months, 
he  had  taken  great  care  to  arrive  at  as  accurate  a  statement  as  could 
be  obtained.  No  result  had  been  regarded  as  satisfactory  to  be 
recorded  which  had  not  stood  the  test  of  from  fifty  to  a  hundred 
rej)eated  trials  for  its  confirmation. 

With  regard  to  the  now  almost  universal  use  of  aulomatic 
mills  in  this  country,  in  the  present  paper  the  author  had 
chiefly  had  in  view  the  distinction  between  the  automatic  system 
and  the  Hungarian  and  other  non-automatic  systems.  It  was  the 
fact  that  in  Hungary  there  were  not  any  automatic  mills,  and 
therefore  a  great  deal  of  manual  labour  was  employed,  and 
also    serious    disadvantages  were  sufi'ered   with    regard   to   quality. 
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Having  becu  twice  iu  Budapest  during  the  last  twelve  months, 
and  visited  several  of  the  mills  in  that  city,  he  had  been  most 
particularly  struck  with  the  circumstance  that,  after  the  high-class 
flour  had  been  very  carefully  abstracted,  very  little  attention 
was  paid  to  the  reduction  of  the  remainder ;  all  that  was  attempted 
was  just  to  get  the  flour  out  of  it  as  quickly  and  with  as  little 
trouble  as  possible.  This  had  been  accounted  for  by  Mr.  Fogerty 
(page  167)  by  saying  that  the  native  jjopulation  required  that  coarse 
flour  and  preferred  it  to  a  better  class.  But  by  the  non-automatic 
method  it  was  literally  impossible  to  arrive  at  any  better  result,  as 
he  had  himself  found  to  be  the  case  in  three  years'  working  of  non- 
automatic  roller  milling.  For  if  all  the  by-products  from  each 
grinding  were  received  into  sacks,  any  one  grinding  would  yield  six 
or  seven  diiferent  by-jjroducts  in  as  many  different  lots  of  sacks  ;  and 
each  of  these  when  ground  again  would  yield  six  or  seven  other 
different  products,  which  would  all  have  to  go  into  different  lots  of 
sacks :  so  that  after  a  few  reductions  there  would  be  some 
thousand  different  sorts  to  be  kept  separate,  which  in  anything 
like  a  large  mill  became  utterly  impracticable.  As  a  matter  of 
necessity  therefore  these  in-oducts  had  to  be  mixed  together ;  and 
consequently  iu  a  non-automatic  mill  the  residue  was  of  an  inferior 
quality,  and  could  not  be  worked  up  with  anything  approaching  the 
completeness  or  success  with  which  it  was  treated  in  automatic  mills 
in  this  country.  A  non-automatic  mill,  Mr.  Ashby  was  riglit  in 
saying  (page  181),  gave  a  skilful  miller  scope  for  effecting  a 
separation  which  was  not  attained  by  even  the  highest  class  of 
automatic  mill ;  but  this  was  the  case  only  so  long  as  the  reduction 
had  not  been  carried  beyond  two  or  three  times,  after  which  the 
by-products  became  so  numerous  that  it  was  impossible  to  classify 
them  or  keep  them  sei^arate.  The  best  therefore  had  to  be  made  of 
the  whole  material ;  and  it  was  undoubtedly  a  fact  that,  if  all  the 
flour  produced  from  the  berry  in  an  average  automatic  roller  mill 
in  this  country  was  comj)ared  with  all  the  flour  from  a  similar  berry 
in  the  best  non-automatic  mills  on  the  continent,  the  flour  from  the 
automatic  English  mill  would  be  worth  some  shillings  more  per 
sack. 
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Except  in  a  very  few  machines,  automatic  milliDg  did  not  depend 
oil  any  regular  speed  (page  168).  Both  the  rollers  and  the  dressing 
machines  could  vary  considerably  in  speed,  as  much  as  30  or  40  per 
cent. ;  but  in  sieve  machines  and  purifiers  and  elevators  there  was 
not  a  margin  of  more  than  10  or  15  i)er  cent.,  and  these  particular 
machines  must  therefore  run  pretty  regularly  at  one  speed.  If 
however  they  were  adjusted  for  a  particular  speed,  and  the  mill 
went  permanently  at  a  lower  speed,  they  could  be  re-adjusted  for  the 
lower  speed  without  any  difficulty.  The  speed  of  the  10-inch  break 
rolls  was  about  350  revolutions  per  minute,  and  of  the  smooth  rolls 
about  180  revolutions. 

In  reply  to  the  enquiry  (page  171)  about  the  coal  referred  to  in 
page  153  of  the  imper,  it  was  anthracite,  and  he  had  heard  30s.  per  ton 
mentioned  as  its  cost,  but  did  not  know  whether  this  was  correct. 
The  2^  lbs.  per  horse-power  per  hour  was  the  consumption  guaranteed 
by  the  makers  of  the  engines  as  the  limit  not  to  be  exceeded ;  it  had 
not  been  tested.  Much  less  was  consumed  in  the  Lancashire  mills, 
as  little  as  1  ^  lbs.  per  horse-power  per  hour. 

"With  regard  to  the  views  exj)ressed  by  the  author  in  1881 
respecting  automatic  action  (page  171),  it  must  be  borne  in  mind 
that  roller  milling  was  a  jirogressive  science,  in  which  a  rapid 
advance  had  been  made  during  the  last  seven  or  eight  years ;  and  in 
endeavouring  to  keep  pace  with  this  advance  the  author  had  been 
following  what  he  believed  to  be  a  right  course.  He  had  certainly 
found  that  a  strictly  automatic  mill  without  power  of  adjustment 
was  not  desirable  ;  and  he  did  not  advocate  or  adopt  that  principle 
in  any  of  his  mills.  An  automatic  mill  in  the  sense  of  doing  away 
with  labour,  and  yet  having  each  machine  perfectly  under  the  control 
of  the  miller,  was  what  the  author  had  kept  in  view  throughout  the 
present  imper. 

The  Peesidext,  referring  to  the  question  of  the  pressure  in 
Ycrtical  bins  containing  grain,  pointed  out  that  when  the  diameter 
of  the  bins  was  limited  to  6  or  8  feet  the  pressure  on  the  bottom 
■depended  upon  the  limiting  angle  or  natural  slope  at  which  the 
free  sides  of  a  pile  of  wheat  would  stand  without  slipping  ;  and  the 
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pressure  on  the  bottom  of  the  biu  was  no  more  than  that  of  a  cone 
whose  base  was  the  bottom  of  the  bin  and  whose  sides  stood  at  that 
natural  slojie.  All  the  grain  stored  in  the  bin  above  that  bottom 
cone  had  its  weight  supported  by  its  lateral  thrust  agaiust  the  sides 
of  the  bin ;  and  the  amount  of  the  lateral  thrust  was  determined  in 
the  usual  way  by  a  triangle  of  forces,  in  which  one  side  was  at  right 
angles  to  the  natural  slope  of  the  grain  and  the  other  two  were 
vertical  and  horizontal,  the  last  representing  the  horizontal  thrust. 
That  was  the  reason  why  the  slide  closing  the  bottom  aperture  of 
the  bin  was  so  free  aud  easy  to  move,  having  to  support  only  the 
cone  of  grain  which  really  rested  on  the  bottom,  while  the  whole 
of  the  rest  was  practically  supported  by  the  sides  of  the  bin.  In 
wider  bins  of  course  the  apex  or  top  of  the  cone  lost  itself,  and 
under  the  same  principle  an  intermediate  arrangement  developed 
itself,  in  which  there  might  be  a  much  larger  solid  mass  of  grain 
resting  upon  the  bottom  of  the  bin.  This  was  the  way  in  which 
he  had  calculated  the  strains,  when  called  upon  to  construct  work  of 
that  kind.  In  this  mode  of  calculation  no  cognizance  of  course 
was  taken  of  any  swelling  of  the  grain,  and  of  the  bursting  strains 
thereby  occasioned,  which  were  matters  for  independent  consideration. 

As  illustrating  how  even  a  study  of  botany  might  be  useful  to  a 
mechanical  engineer,  he  had  been  interested  in  observing  how  the 
noisome  germ  of  the  grain — so  useful  for  the  growth  of  wheat,  when 
it  got  into  its  proper  place,  the  ground — could  be  so  injurious  when 
stored  in  the  flour  (i)age  161) ;  and  how  beautifully  it  was  arranged, 
by  taking  advantage  of  the  mere  flattening  of  the  germ  between  the 
smooth  rollers,  that  it  was  so  easily  removed  afterwards  in  the 
dressing. 

With  regard  to  flour  explosions,  he  had  not  heard  any  one 
venture  to  suggest,  in  response  to  the  enquiry  Avisely  made  by 
Mr.  Paget  (page  165),  that  there  was  anything  like  spontaneous 
combustion  or  explosion.  His  own  impression  was  that  this  flour 
dust  filling  the  air  in  a  chamber  partook  of  precisely  the  same 
nature  as  coal  dust  in  a  coal  pit,  where  explosions  had  taken  jdace 
without  any  assignable  cause  except  that  of  the  flame  communicated 
by  the  explosion  of  blasting  powder,  and  had  set  the  whole  pit  in  a 
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blaze  when  there  had  not  been  gas  to  account  for  it.  What  was  still 
sought  for  in  flour-mill  explosions  was  the  communicating  spark, 
which  remained  hitherto  undiscovered.  There  Avero  of  course 
conditions  of  the  atmosphere  in  which  by  extreme  dryness  the 
explosive  character  of  the  flour  was  intensified ;  while  if  damj)  was 
in  the  air  there  would  be  no  danger  of  any  such  accident.  Under  a 
particular  condition  of  atmosphere,  a  spark  produced  by  a  man 
walking  along  in  the  mill  with  his  hob-nailed  boots  and  striking  a 
bit  of  flinty  grit  on  the  floor  might  at  once  cause  an  explosion.  He 
had  himself  heard  of  a  case  where  a  light  was  taken  into  the  flour 
chamber,  and  the  whole  place  exj)lodcd.  Although  there  was  still 
wanted  some  definite  information  as  to  how  the  spark  was 
communicated  to  produce  these  explosions,  it  seemed  clear  that  a 
spark  must  be  communicated  in  some  way  or  other  to  an  explosive 
mixture ;  and  equally  clear  that  the  idea  of  the  exi)losions  being 
spontaneous  might  be  dismissed. 

An  allusion  had  been  made  by  Mr.  Ferguson  (page  179)  to  the 
(question  of  the  food  properties  being  sacrificed  to  colour  in  certain 
modes  of  milling,  whereby  that  which  ought  to  be  given  to  man  was 
being  given  to  animals.  It  was  true  that  the  bran  or  husk  contained 
a  little  silicious  ingredient  which  might  jn-ove  irritating  to  some 
23ersons,  though  not  so  to  animals  ;  but  there  was  another  j)roduct 
called  "  sharps,"  which  was  deemed  very  good  for  pigs,  which  he 
believed  would  be  very  useful  also  for  man  and  did  not  contain 
that  silicious  ingredient.  He  did  think  there  was  some  truth  in  the 
allegation  that  too  much  had  been  sacrificed  to  colour  in  the  flour 
produced ;  and  it  was  astonishing  how  fashion  influenced  such  a 
matter,  for  the  industrial  classes  were  as  anxious  as  the  wealthier  to 
have  their  flour  as  white  as  it  could  be  got. 

All  must  feel  very  much  obliged  to  the  author,  he  was  sure,  for 
the  care  with  which  his  paper  had  been  prepared ;  and  would  join 
in  returning  a  hearty  vote  of  thanks  to  Mr.  Simon,  and  also  to 
Mr.  Stringer  for  his  reply  in  the  author's  absence. 


Mr.  W.  S.  LocKHART  wrote  to  ask  whether  any  of  the  unaccountable 
■explosions  which  took  place  in  flour  mills  might  not  be  caused  by 
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a  spark  of  electricity  from  some  of  the  revolving  screens  or  other 
machinery.  In  other  manufacturing  processes,  notahly  that  of 
paper-making,  electricity  was  often  generated  to  such  an  extent  as 
to  necessitate  special  provision  for  taking  it  off;  and  though  the 
conditions  might  not  he  so  favourable  for  its  generation  in  a  jflour  mill, 
it  was  perhaps  due  to  this  circumstance  that  more  explosions  did  not 
take  place.  To  cause  an  explosion,  four  conditions  would  probably  have 
to  be  coincident : — first,  a  certain  electrical  state  of  the  atmosphere ; 
second,  the  right  condition  as  to  speed,  friction,  &c.,  in  some  one  of 
the  machines;  third, the  existence  of  a  convenient  point  for  inducing 
the  discharge  and  producing  the  spark;  and  fouj-th,  an  explosive 
state  of  the  stive-laden  air  of  the  mill.  Given  these  concurrent 
conditions,  an  explosion  would  seem  inevitable ;  but  perhaps  they 
were  not  frequently  found  all  simultaneously  co-existent.  Another 
possible  cause  which  occurred  to  him  was  that  an  accidental  deformity 
in  a  pane  of  glass  might  so  catch  the  rays  of  the  sun  as  to  focus 
them,  and  ignite  a  few  particles  of  dust  floating  in  the  air. 

Mr.  Simon  wrote  that,  with  regard  to  the  adoption  of  automatic 
action  in  flour  mills,  he  fully  concurred  in  the  statement  that  stone 
mills  in  this  country  had  been  more  or  less  automatic  for  a  long 
time  before  the  introduction  of  roller  milling.  All  that  was  intended 
to  be  conveyed  in  page  151  of  the  jy^iev  was  simply  the  fact  that  he 
had  not  himself  built  any  automatic  roller  mills  earlier  than  the 
dates  there  given :  without  going  into  the  question  whether  earlier 
automatic  roller  mills  might  have  been  built,  with  or  without  the 
use  of  stones  also.  The  first  complete  roller  mills  without  the  use 
of  stones  in  this  country  had  been  built  by  himself  for  the  following 
millers  : — Mr.  Arthur  McDougall,  Manchester,  August  1878  ;  Messrs. 
Ashby  Son  and  Allen,  Croydon,  and  Messrs.  J.  A.  Ingleby  and  Son, 
Tadcaster,  September  1879  ;  Messrs.  E.  Shackleton  and  Sons,  Carlow, 
November  1879. 

It  had  been  alike  difficult  to  eradicate  both  the  original  prejudice 
that  for  finishing  certain  qualities  of  flour  the  porous  millstone  was 
indispensable,  and  the  subsequent  assertion  that  at  least  the  more  or 
less   porous    texture    of    the   porcelain    roller    mill    w\as   required. 
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(.Mr.  Simon.) 

Ultimately  however  the  present  ■well-estahlishcil  fact  hatl  been 
admitted,  that  cast-iron  chilled  rollers  if  properly  used  gave  results 
in  every  way  superior  to  any  that  could  be  obtained  either  by  the 
millstone  or  by  the  porcelain  roller. 

The  relative  nutriment  contained  in  white  or  dark  flour  had  thus 
far  been  largely  a  matter  of  opinion  in  this  coinitry,  few  if  any 
reliable  experiments  having  been  made  by  careful  diet  of  particular 
l)ersous.  At  the  university  of  Munich  however  it  had  been  proved, 
as  the  result  of  extended  experiments  made  by  Professor  Yoit,  that 
well  baked  white  bread  was  assimilated  by  man  almost  in  its  entirety, 
and  certainly  to  a  much  greater  extent  than  any  dark  or  whole-meal 
bread,  of  which  a  largo  percentage  was  rejected  by  his  digestive 
organs.  Moreover  it  appeared  probable  that  a  kind  of  rasping  action 
was  exercised  on  the  intestines  by  the  branny  particles,  which  were 
the  cause  of  the  dark  colour  in  brown  and  whole-meal  bread. 
Although  the  irritation  thus  occasioned  had  medicinally  the  useful 
effect  of  obviating  a  costive  tendency,  yet  it  caused  great  waste,  not 
only  of  undigested  bread,  but  also  of  other  valuable  nutriment 
eaten  at  the  same  meal,  and  hurried  through  the  digestive  organs  by 
this  irritating  action  before  there  had  been  time  for  its  digestion  to 
be  completed.  Dark  and  whole-meal  bread  had  a  flavour  of  its 
own,  which  many  persons  liked  for  a  change ;  but  its  general 
introduction  as  an  article  of  food  for  the  poj)ulation  at  large  he 
believed  would  be  a  retrograde  step.  In  this  connection  the  mistake 
was  sometimes  made  of  confounding  chemical  analysis  and  the 
contents  of  the  retort  with  the  practical  results  attained  by  man's 
digestive  organs :  while  the  fact  was  overlooked  that  unfortunately 
the  branny  particles,  which  contained  a  large  percentage  of  highly 
glutinous  matter  attached  to  their  inner  surface,  were  themselves 
wholly  indigestible  by  man,  and  were  forthwith  rejected  ;  whereas 
in  the  retort  they  counted  as  increasing  the  percentage  of  nutriment. 
It  was  therefore  much  better  to  give  these  branny  particles  to 
cattle,  in  order  that  by  their  superior  and  longer  digestive  organs 
they  might  be  transformed  into  meat,  instead  of  sending  them  to 
Avaste  through  the  human  body. 
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MEMOIRS. 

WiLLiA^r  Bawde\  was  born  in  tbo  parisli  of  Gweuuap,  near 
Trnro,  on  IHtli  Jnly  182-1.  In  the  following  year  hi.s  family 
rcmovGcl  from  Cornwall  to  tlio  Mold  j\Tinos  in  Flintsliire,  of.  which 
his  father  was  the  mining  engineer.  In  1840  ho  commoncecl  his 
apprenticeship,  on  the  completion  of  which  in  1845  he  undertook 
the  management  of  the  Coed  Talon  Iron  Works  in  that  vicinity. 
Leaving  there  in  1847,  he  became  principal  draughtsman  to  Messrs. 
Garnett  and  Moore,  Liverpool,  with  whom  he  remained  till  1850, 
when  he  went  to  Messrs.  Benjamin  Hick  and  Sons,  Bolton,  in  the 
same  position  of  principal  draughtsman.  At  the  end  of  1865 
he  joined  the  Boiler  Insurance  and  Steam  Power  Company, 
Manchester,  as  one  of  their  assistant  engineers,  and  continued  in 
their  service  until  the  date  of  his  death  on  4th  December  1888,  at 
the  age  of  sixty-four.  He  became  a  Member  of  this  Institution 
in  1881. 

Thomas  Hindmahsh  was  born  at  Alnwick,  in  Northumberland,  on 
9th  September  1827.  In  1844  he  was  apprenticed  to  Mr.  John 
Dewrance  for  a  period  of  five  years,  during  vrhich  time  he  was 
engaged  under  him  in  the  locomotive  department  of  the  Liverpool 
and  Manchester  Eailway,  the  Great  Southern  and  Western  Eailway 
of  Ireland,  and  the  Midland  Great  Western  Railway  of  Ireland, 
During  1849-50  he  was  employed  for  eighteen  months  under 
Mr.  Chesterman  on  drainage  works  on  the  Kings  Weston  estate, 
Somersetshire.  In  1851  he  entered  the  Great  Northern  Eailway 
locomotive  department  under  Mr.  Sturrock,  where  he  remained  four 
years.  In  1855  he  went  to  India  to  the  Eastern  Bengal  Railway, 
where  he  commenced  in  the  running  department,  and  gradually  rose 
until  in  18GG  he  was  appointed  chief  locomotive  superintendent. 
This  position  he  held  until  30th  September  1884,  when  he  resigned 
it  in  consequence  of  the  Indian  State  Railways  having  taken  over 
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tlio  Eastern  Bengal  system.  In  1888  he  returned  to  India  as  the 
representative  of  the  automatic  vacuum  brake,  and  did  much  to 
secure  its  adoption  for  the  Indian  State  Railways.  He  died  off" 
Aden  on  8tli  February  1889,  in  the  sixty-second  year  of  his  age, 
while  on  his  way  back  to  England.  Ho  became  a  Member  of  this 
Institution  in  1885. 

William  Lyster  Holt  was  born  in  London  on  15th  August 
1839 ;  and  after  being  educated  in  France  and  at  King's  College 
School,  London,  served  a  pupilage  from  1853  to  1857  to  Mr.  M.  C. 
Rea  at  the  locomotive  works  of  the  Great  Western  Railway,  Swindon, 
where  he  passed  through  all  the  shops,  and  was  employed  for  one 
year  as  draughtsman,  and  for  a  part  of  the  time  had  charge  of  the 
running  sheds  at  Reading.  13uiiug  1859-60  he  was  third  and 
second  engineer  in  the  s.s.  "  Earsdon  "  and  the  "  Admiral  Kanaris." 
Then  for  two  years,  18G1-62,  he  studied  civil  engineering  and  the 
higher  branches  of  mathematics  at  the  New  Cross  Naval  School  and 
at  University  College,  London.  For  eighteen  months,  1803-64,  he 
was  employed  by  Messrs.  Buchanan  and  Co.  in  designing  various 
classes  of  machinery,  and  in  supervising  the  construction  of  a  large 
paddle  yacht  for  the  King  of  Siam.  In  1864-65  he  was  engaged  as 
manager  and  senior  draughtsman  to  Mr.  Robert  F.  Fairlio  on 
general  railway  work,  and  in  perfecting  the  details  for  his  double 
bogie  locomotive.  He  then  became  assistant  engineer  to  the  Central 
Railway  of  Venezuela,  and  was  occupied  in  preparing  designs  for 
bridges,  girders,  &c.,  and  in  generally  superintending  and  inspecting 
all  the  ironwork  and  rolling  stock  for  that  railway.  In  1866  he  was 
resident  engineer  and  locomotive  superintendent  on  the  Neath  and 
Brecon  Railway,  33  miles  long,  then  in  course  of  construction ;  and 
assisted  generally  in  designing  and  superintending  the  manufacture 
and  erection  of  girders  and  bridges,  engine  sheds  and  appliances,  and 
in  the  design  of  the  rolling  stock.  For  nine  years,  1868-77,  he  was 
in  partnership  with  Mr.  G.  O.  Budd,  and  amongst  other  works  was 
engaged  in  fitting  ont  the  steam  yacht  "  Stella "  for  the  Duke  of 
Hamilton,  as  well  as  in  designing  and  superintending  the  construction 
of  a  large  T-head  to  the  jetty  at  the  New  Dundee  Wharf,  Wappiug, 
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and  in  superintending  tlie  construction  as  contractor's  engin3er  of 
the  following  railways  : — St.  Aubin's  and  La  Moye  Eailway,  Jersey, 
4  miles;  Malmesbury  Eailway,  6^  miles;  and  Bury  and  Thetford 
Eailway,  13  miles.  In  1877  lie  was  appointed  chief  engineer  on 
the  Southern  Tramway  in  Paris,  over  50  miles  in  length,  and  had 
charge  of  the  steam  traction,  employing  over  thirty  locomotives  ;  he 
also  supervised  the  Eouen  steam  tramways.  In  1878  he  gave 
evidence  before  a  committee  of  the  House  of  Commons  in  regard  to 
the  use  of  mechanical  power  on  tramways  ;  and  also  acted  as  one  of 
the  jurors  at  the  International  Exhibition,  Paris ;  and  in  1879  he 
accompanied  General  Hutchinson  in  his  official  inspection  of  the 
Eouen  and  Paris  tramways.  From  the  commencement  of  1880  he 
practised  on  his  own  account  as  a  civil  engineer,  and  was  principally 
engaged  in  obtaining  parliamentary  sanction  for  more  than  120  miles 
length  of  steam  and  horse  street-tramways,  and  in  superintending 
their  execution  and  eciuipment.  In  1883-84  he  acted  as  engineer  to 
the  Duke  of  Portland  for  the  drainage  of  Welbeck  Abbey  gardens. 
In  1885  he  was  one  of  the  jurors  of  the  Inventions  Exhibition,  London. 
Latterly  he  was  engaged  in  sunerintending  the  equipment  of  the 
steam  tramways  in  Accrington,  and  the  construction  and  equipment 
of  those  in  Blackburn.  His  death  took  place  in  London  on  11th 
February  1889,  in  the  fiftieth  year  of  his  age.  He  became  a  Member 
of  this  Institution  in  1867. 

James  Howard,  of  Clapham  Park,  Bedfordshire,  senior  partner 
in  the  firm  of  Messrs.  James  and  Frederick  Howard,  Britannia  Iron 
Works,  Bedford,  was  born  at  Bedford  on  16th  October  1821,  being 
the  eldest  son  of  Mr.  John  Howard,  founder  of  the  business,  who  held 
the  office  of  mayor  in  his  native  borough  four  years  in  succession. 
He  was  educated  at  the  Bedford  schools,  and  from  his  boyhood 
manifested  a  fondness  for  mechanics.  At  the  age  of  twenty  he 
introduced  a  plough  of  his  own  design,  made  entirely  of  iron  and 
steel,  which  he  exhibited  at  the  Eoyal  Agricultural  Society's  show  at 
Liverpool  in  1841 ;  and  being  unable  to  find  a  ploughman  acquainted 
with  a  wheel-plough,  he  took  the  handles  himself,  and  steered  his 
course  so  successfully  as  to  win  the  first  prize.     Possessing  great 
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luccbauiciil  skill,  Lc  eflfcctetl  many  imi)rovcmcuts  iu  ugriciilturul 
implements  and  machinery,  including  ploughs,  harrows,  horsc-rakes, 
self-delivery  reapers,  hay-makers,  machinery  for  tilling  land  by 
steam  power,  mowers,  sheaf-binders,  straw-trussers,  in  addition  to 
his  inventions  of  moulding  machines,  and  steel  sleepers  and  chairs  for 
permanent  and  portable  railways.  His  mechanical  skill  was  early 
exemplified  by  his  invention  in  April  1852  of  a  method  of  chilling 
east-iron;  and  again  in  1870  by  the  introduction  of  the  tubular 
safety  boiler  known  by  his  name  (rroceedings  1872  page  278) ;  indeed 
to  the  end  of  his  life  he  was  busy  with  new  inventions. 

Having  previously  contributed  valuable  aid  in  the  promotion 
of  improvements  in  Bedford,  he  was  three  times  elected  mayor  ;  and 
during  his  mayoralty  a  comprehensive  scheme  of  drainage,  water- 
supply  and  sewage  utilization  was  inaugurated;  while  to  his 
ingenuity  and  sagacity  it  was  owing  that  Bedford  was  the  first  place 
to  be  sewered  on  the  separate  system,  w'hereby  the  storm-water  and 
the  sewage  are  kept  apart  in  their  flow  through  the  public  sewers. 

Of  his  many  publications  on  economical  questions  the  following 
may  be  mentioned:  —  "Agricultural  machinery  and  the  Eoyal 
Agricultural  Society,"  1857 ;  "  Labour  and  wages,  and  the  effect  of 
machinery  upon  them,"  1859 ;  "  Steam  culture,  its  history  and  proper 
application,"  1862  ;  "  Trip  to  America,"  1867 ;  "  Visit  to  Egypt," 
1867  ;  "  Scheme  of  national  education  for  rural  districts,"  1868 ; 
"  Continental  farming  and  peasantry,"  1870 ;  "  Our  Tillages,  their 
sanitary  condition,"  1874  ;  "  Our  meat  supply,"  1876  ;  "  Depression 
in  agriculture,"  1879  ;  "  Agricultural  implement  manufacture,  its  rise 
and  progress,"  1879  ;  "  Laying  down  land  to  grass,"  1880 ;  "  English 
land  question,  past  and  present,"  1881.  He  became  a  Member  of 
this  Institution  in  1860,  and  was  also  a  prominent  member  of  various 
other  public  societies,  having  served  as  President  of  the  Association 
of  Agricultural  Engineers,  as  well  as  of  the  Farmers'  Alliance  and 
of  the  London  Farmers'  Club.  For  many  years  he  was  a  director 
of  the  Agricultural  Hall,  Islington,  London,  in  the  erection  of 
which  he  was  mainly  instrumental.  He  was  also  an  active  member 
of  the  council  of  the  Eoyal  Agricultural  Society,  and  chairman  of 
the  Bedford  and  Northampton  Eailway.     He  rej)resented  Bedford  in 
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parliameut  from  1868  to  1874,  aucl  BedforJsliiro  from  1880  to  1885. 
Of  tliis  county  be  was  a  magistrate  and  deputy-lieutenant,  and  in 
1879  filled  the  office  of  liigli  slicrifl'.  His  death  occurred  in  London 
on  25tli  January  1889,  at  the  age  of  sixty-seven ;  and  it  was  only  in 
the  previous  week  be  bad  been  returned  unopposed  to  the  first 
Bedfordshire  County  Council. 

EiCHARD  Peacock,  M.P.  for  Gorton,  was  born  on  9th  April  1820 
at  the  village  of  Swaledale  in  the  North  Eiding  of  Yorkshire.  He 
was  the  seventh  son  of  Mr.  Ealph  Peacock,  who  was  at  one  time  a 
lead  miner,  and  rose  to  the  position  of  overseer  of  several  mines  in 
the  neighbourhood  of  Swaledale,  and  subsequently  became  assistant 
superintendent  in  the  construction  of  the  Leeds  and  Selby  Eailway. 
Eichard  Peacock's  education  was  continued  at  the  Leeds  Grammar 
School,  and  on  leaving  school  at  the  age  of  fourteen  he  was 
apprenticed  to  Messrs.  Fenton,  Murray  and  Jackson  of  Leeds,  who 
were  at  that  time  constructing  locomotives  for  the  Liverpool  and 
Manchester  and  the  Leeds  and  Selby  Eailways,  as  well  as  other 
steam  engines  and  pumps  and  hydraulic  machinery.  He  was  placed 
directly  under  the  charge  of  Mr.  Jackson,  the  managing  partner  of 
the  firm ;  and  remained  with  them  until  1838,  when  he  was 
appointed  at  the  age  of  eighteen  locomotive  superintendent  of  the 
Leeds  and  Selby  Eailway.  This  position  he  held  with  credit  to 
himself  and  advantage  to  the  railway  until  the  line  was  amalgamated 
with  the  York  and  North  Midland  Eailways  in  1840.  The  head 
quarters  of  the  locomotive  department  were  then  removed  from  Leeds 
to  York,  and  he  was  invited  to  take  charge  of  the  locomotive 
department  there  under  Mr.  Cabry.  Desiring  wider  experience 
however,  he  went  to  the  Great  Western  Eailway  Works,  then  in 
progress  under  the  direction  of  Mr.  Brunei,  where  he  remained  until  in 
1841  he  was  appointed  locomotive  superintendent  of  the  Manchester 
and  Sheffield  Eailway,  which  was  then  nearing  completion.  Upon 
this  new  duty  he  entered  at  the  age  of  twenty-one,  shortly  before  the 
delivery  of  the  first  locomotive  to  the  line.  For  fourteen  years  he 
continued  in  this  position,  during  which  time  the  undertaking 
largely  increased  in  extent  and  importance.     During  his  charge,  the 
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jscluction  oi  the  most  suitable  site  for  the  railway  workshops  auil 
main  locomotive  depot  devolved  upon  hiiu ;  aud  at  Gortou  near 
Mancliester,  in  accordance  with  his  designs  and  under  his  direction, 
the  large  aud  imjiortaut  works  of  the  railway  were  laid  out,  of  whicli 
he  gave  a  description  to  this  Institution  (Proceedings  January  1(S51, 
page  22).  In  181'J  he  was  made  a  Memhur  of  the  Institution  of 
Civil  Engineers. 

In  1854  he  entered  into  jjartnership  with  the  late  Mr.  Charles 
Beyer,  as  locomotive  and  machine-tool  makers  at  Gorton,  where 
they  purchased  fourteen  acres  of  land  close  to  the  railway  works 
Avith  which  he  had  been  so  long  associated;  in  May  1854  the 
lirst  sod  was  turned,  and  within  twelve  months  afterwards  the 
lirst  engine  was  turned  out.  Looking  well  ahead  they  designed 
a  series  of  workshops  for  covering  the  whole  fourteen  acres ;  and 
with  that  plan  in  view  they  set  to  work  to  build  such  portions  as 
their  means  permitted.  The  various  sections  of  the  works  are 
today  almost  counterparts  of  one  another,  so  far  as  the  buildings  are 
concerned,  having  been  so  arranged  as  to  admit  of  gradual  expansion 
by  the  simple  addition  of  other  sections,  without  disturbing  the 
portions  previously  erected.  Their  first  locomotives  were  made  for 
the  Great  Western  Kailway ;  and  building  after  building  was  erected 
until  the  whole  of  the  site  became  utilised.  Mr.  Peacock  did  good 
work  in  develoj)ing  the  locomotive  engine  in  its  earlier  days,  being 
specially  associated  with  experiments  in  connection  with  the  blast 
pipe ;  his  experiments  aud  deductions  are  fully  recorded  in  Mr. 
D.  K.  Clark's  work  on  "  Eailway  Machinery.''  But  it  was  more  as  an 
organiser  and  a  judge  of  men,  and  as  possessing  an  almost  intuitive 
mastery  of  financial  questions,  that  his  talents  were  seen,  than  as  an 
inventor.  He  took  an  active  part  in  local  matters,  and  identified 
himself  with  any  movement  tending  to  the  progress  and  prosperity 
of  the  neighbourhood.  He  was  elected  the  first  chairman  of  the 
local  board  of  the  Gorton  district,  and  continued  to  hold  that  position 
until  18G6,  when  the  pressing  calls  of  business  compelled  him  to 
resign.  He  was  president  of  the  Openshaw  Gorton  and  Bradford 
Mechanics'  Institute  from  the  time  of  its  ojiening  to  his  death.  In 
1885,  when  the  newly  created  parliamentary  division  of  Gorton  was 
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called  ui^on  to  choose  a  representative,  lie  was  elected  its  member, 
and  continued  to  represent  tlie  constituency  until  his  death.  He 
was  also  a  justice  of  the  peace  for  the  county  of  Lancaster. 

He  was  one  of  the  original  Members  of  this  Institution  at  its 
establishment  in  1847,  and  for  many  years  a  INEember  of  Council 
and  a  Vice-President.  Besides  the  descrii^tion  already  mentioned  of 
the  railway  locomotive  works  at  Gorton,  he  also  gave  a  description 
of  a  steam  hammer  used  at  Gorton  Foundry  for  light  forgings 
(Proceedings  1860  page  284).  His  death  took  place  at  his  residence, 
Gorton  Hall,  on  ord  March  188'J,  in  the  sixty-ninth  year  of  his  age, 
after  a  lingering  illness. 

FiiANK  Saltek,  younger  son  of  the  Eev.  W.  A.  Salter,  of 
Amersham  and  Leamington,  was  born  on  IDth  October  1848,  and 
was  educated  at  Amersham  Hall  School  and  University  College, 
London,  ultimately  graduating  as  Bachelor  of  Science,  Loudon. 
He  served  his  apprenticeship  in  the  workshops  of  the  Loudon  and 
North  Western  Eailway  at  Crewe  in  18G8  and  1869  ;  and  gained  a 
Whitworth  scholarship  in  1870,  the  second  year  in  which  tho.se 
scholarshij)S  were  given,  for  which  he  competed  as  a  workman.  In 
1871  he  was  in  Newcastle  with  Messrs.  Clark  Watson  and  Gurney ; 
from  whom  he  went  for  a  short  time  to  Messrs.  Gwynne,  of 
Hammersmith.  From  1874  until  1881  he  was  manager  of  Messrs. 
Bryan  Donkin  and  Co.'s  works  at  Bermondsey ;  and  on  the 
reconstruction  of  that  firm  he  acted  as  managing  partner  in  the 
works,  until  the  failure  of  his  health  in  the  autumn  of  1887.  With 
the  exception  of  a  short  time  in  the  following  summer,  he  was  unable 
to  resume  work  ;  and  his  illness  terminated  fatally  on  31st  December 
1888,  at  the  age  of  forty.  He  became  a  Member  of  this  Institution 
in  1887.  To  the  Institution  of  Civil  Engineers  he  contributed  a 
paper  on  economy  in  the  use  of  steam  ;  and  in  conjunction  with  Mr. 
Bryan  Donkin,  Jun.,  papers  on  some  trials  of  a  rotative  pumping 
engine,  and  on  the  measurement  of  water  over  weirs.  An  extensive 
series  of  experiments  on  the  small  steam  engine  now  in  the 
engineering  laboratory  of  University  College,  Londou,  was  made 
by   him  together    with    Mr.   Bryan  Donkin,  Jun.,  and  Mr.  B.    W. 
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Farcy,    iu    1874.-1881,   tho   results  of  which    were    published    in 
"  Eugiuccring  "  iu  November  anil  December  1886. 

Chaulks  Henky  Tuunbull,  son  of  Mr.  Joseph  Turnbull,  was 
born  in  Manchester  on  23r(l  October  1845.  In  ISCl  he  entered 
upon  a  five  years'  apprenticeship  in  the  millwrights',  engineering, 
and  hydraulic  departments  of  tho  Mersey  Dock  and  Harbour  Board. 
He  subsequently  served  at  Messrs.  Laird  Brothers,  Birkenhead^  at 
the  Crewe  Works  of  the  London  and  North  Western  liailway,  at 
Messrs.  Forrester  and  Co.'s,  Vauxhall  Foundry,  Liverpoool,  and  at 
Messrs.  D.  and  C.  Maciver's,  Cunard  Steamship)  Works,  Liverpool. 
From  1872  he  acted  as  foreman  millwright  and  chief  assistant  to  his 
father,  the  chief  supervisor  and  constructor  of  machinery  on  the 
Mersey  Dock  Estate,  Liverpool.  His  death  occurred  on  18tli 
December  1888,  at  the  age  of  forty-three,  at  Gijon  in  Spain,  where 
he  had  been  sent  about  five  months  previously  to  erect  an  80-ton 
hand  crane.     He  became  a  Member  of  this  Institution  in  1883. 

Captain  Hakry  Boklase  Willock,  B.E.,  was  born  at  Tenby  on 
6th  March  1854,  and  was  educated  at  Cheltenham  College,  whence  he 
passed  into  the  Boyal  Military  Academy  in  December  1870  ;  and  in 
1872,  having  obtained  a  commission  as  lieutenant  in  the  Royal 
Euoineers,  he  proceeded  to  the  School  of  Military  Engineering  at 
Chatham.  In  1876  he  went  to  Bermuda,  where  he  served  with  the  10th 
Company,  Fioyal  Engineers,  and  was  employed  for  nearly  two  years  in 
connection  with  the  works  for  the  defence  of  the  new  dockyard  and 
naval  anchorage.  Returning  to  England,  he  joined  the  2nd  Co.  R.E. 
at  Shorncliffe,  and  in  December  1878  proceeded  with  them  to  South 
Africa.  There  he  served  in  the  earlier  part  of  the  Zulu  war  with 
Colonel  Pearson's  column,  and  was  present  in  the  action  at  Inyezano 
on  22nd  January  1879  and  throughout  the  occupation  of  Ekowe  ;  he 
was  mentioned  in  despatches  in  the  "  London  Gazette  "  16th  May 
1879,  and  received  the  medal  and  clasp.  On  his  return  to  England 
he  was  appointed  to  take  charge  of  the  workshops  at  the  School  of 
INIilitary  Engineering,  and  from  thence  went  to  the  works  dejmrtment 
of  the  Royal  Arsenal,  Woolwich,  under  Colonel  W.  H.  Noble,  R.E., 
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unci  subsequently  uucTer  Colonel  Crozier,  E.E.,  where  under  Lis 
care  a  considerable  portion  of  tbe  railways  in  the  arsenal  were 
rc-arranged  and  relaid,  a  work  mucli  required  owing  to  the  extension 
of  the  factories  and  tbe  greatly  increased  loads  that  bad  to  bo 
moved.  In  1882  on  tbe  outbreak  of  tbe  Egyptian  war  be  w\as 
appointed  to  assist  in  tbe  railway  transport,  and  prior  to  embarkation 
was  engaged  at  Woolwicb  Arsenal  in  collecting  and  shipping 
railway  material  and  plant.  He  sailed  for  Egypt  in  August  of  that 
year,  and  on  arriving  at  Ismailia  superintended  the  unloading  of  the 
stores ;  be  was  afterwards  left  in  charge  during  tbe  rush  of  traffic  to 
Cairo,  and  at  the  conclusion  of  the  campaign  collected  and  accounted 
for  all  railway  stores.  For  these  services  be  received  the  medal  and 
bronze  star.  Eeturniug  to  England  at  the  end  of  1882  he  was 
placed  on  the  staif  of  the  inspector  of  iron  structures  at  tbe  War 
Office,  and  there  assisted  in  the  designing  and  construction  of  all 
machinery  required  in  connection  v/ith  the  coast  defences,  and  in  the 
supply  of  material  and  general  supervision  of  military  railways  in 
tbis  country  and  in  Egypt  and  the  Soudan.  For  the  latter  service 
he  was  officially  commended  by  the  inspector-general  of  fortifications. 
In  December  1887,  he  was  appointed  inspector  of  iron  structui-es, 
as  successor  to  Major  English,  E.E,;  and  in  this  capacity 
completed  tbe  erection  and  tests  of  the  112-ton  hydraulic  traveller 
at  Shoeburyness,  and  designed  tbe  details  of  the  250-ton  pontoon 
sheers  now  in  course  of  construction.  He  acted  as  secretary  to  tbe 
committee  on  the  preparation  of  the  "  Military  railway  manual," 
and  also  to  the  committee  on  the  preparation  of  "  Instructions  for  the 
care  and  maintenance  of  war  department  boilers."  In  the  somewhat 
laborious  calculations  involved  in  obtaining  tbe  results  given  by 
Major  English  in  bis  paper  before  this  Institution  on  experiments  on 
the  distribution  of  beat  in  a  stationary  steam-engine  (Proceedings 
1887  page  486)  he  rendered  much  valuable  assistance.  He  died  at 
bis  father's  house  at  Tenby  on  6th  February  1889,  after  a  very  short 
illness,  in  tbe  thirty-fifth  year  of  bis  age.  He  became  a  Member  of 
this  Institution  in  1884. 
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Inslitiitioii  of  ^Iccljcinical  (gngrnfers. 


PROCEEDINGS, 


May  1889. 


The  Spring  Meeting  of  tlie  Institution  was  lielcl  in  the  rooms 
of  the  Institution  of  Civil  Engineers,  London,  on  Wednesday,  1st 
May  1889,  at  Half-j)ast  Seven  o'clock  p.m. ;  Charles  Cochrane,  Esq., 
President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  President  announced  the  decease  of  Mr.  Eichard  Peacock, 
M.P.,  Vice-President,  one  of  the  few  original  Members  who  met 
together  in  1846  and  joined  in  establishing  the  Institution  on  27th 
January  1847.  A  letter  of  condolence  had  been  sent  to  his 
family  from  the  Council.  The  vacancy  so  created  in  the  Council 
had  been  filled  up  by  the  Council  by  the  appointment  of  Sir  James 
Ramsden  as  a  Vice-President,  and  of  Dr.  John  Hoi^kinson  as  a 
Member  of  Council. 

The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  twenty-four  candidates  were  found  to  be  duly 
elected  : — 

MEMBERS. 

Isaac  Bradley,  ....  Birmingham. 

Charles  Briggs,  Jun.,         .  .  .  Pernambuco. 

Tho3ias  Alexander  Clark,  .  .  Edinburgh. 

Ernest  Eichard  Dolby,      .  .  .  London. 

Eichard  Oliver  Gardner  Drummond,    .  Kimberloy. 

Y 
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ELKCTION    Ot'    NKW    MKMIiKKS. 


Mav  1889. 


Herbert  Andeuton  Foster, 
Frederick  Henry  Gill, 
William  Tom  Goold, 
Arthur  Eiplky  Hill, 
Conrad  Knap,   . 
James  Alexander  Macdonald, 
Thomas  Nash,  . 
John  Bennett  Price,  . 
James  Thomas  Eatcliffe,  . 
James  Hermann  Eosenthal, 

associates. 
John  Barr, 
William  McKinnel,  . 

graduates 
Arthur  Eobert  Maclean  Barrow 
John  Stuart  Ellis,    . 
Thomas  Watkin  Hosgood,  . 
Basil  Humbert  Jot,  . 
Henry  Buckley  Bingham  Smith, 
Edward  Turnley  Willis.  . 
Eichard  Ernest  Winkfield, 


Bradford. 

London. 

London. 

Leeds. 

London. 

Chesterfield. 

Sheffield. 

Preston. 

Lodz. 

London. 

Kilmarnock. 

Sheffield. 

Brighton. 

London. 

Swansea. 

London. 

Glasgow. 

Glasgow. 

Swindon. 


The  President  then  delivered  his  inaugural  Address :  after 
which  the  following  Paper  was  read  and  partly  discussed  : — 

Research  Committee  on  Marine-Engine  Trials  :  Eeport  upon  Trials  of  the  s.s. 
"Meteor  "  ;  by  Professor  Alexander  B.  W.  Kennedy,  F.R.S.,  Chairman. 

At  a  Quarter  before  Ten  o'clock  the  Discussion  was  adjourned 
till  the  following  evening.  The  attendance  was  82  Members  and 
46  Visitors. 
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The  Adjourned  Meeting  was  hold  at  the  lustitufcion  of  Civil 
Engineers,  Loudon,  on  Thursday,  2ad  May  1889,  at  Half-past  Seven 
o'clock  p.m.  ;  Charles  Cochrane,  Esq.,  President,  in  the  chair. 

The  Discussion  upon  the  Eeport  on  Marine-Engine  Trials  was 
resumed,  and  continued  until  shortly  after  Ten  o'clock,  when  it 
was  again  adjourned  till  the  following  afternoon.  The  attendance 
was  58  Members  and  44  Visitors. 


The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Friday,  3rd  May  1889,  at  Half-past  Two 
o'clock  p.m. ;  Charles  Cochrane,  Esq.,  President,  in  the  chair. 

The  Discussion  upon  the  Eeport  on  Marine-Engine  Trials  was 
continued  and  concluded.  The  following  Paper  was  then  read  and 
discussed : — 

Description  of  an  Apparatus  for  Drying  in  Vacuum ;  by  Mr.  Emil  Passburg,  of 
Breslau.     Communicated  tkrougU  Mr.  Samuel  Geoghegan,  of  Dublin. 


On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  the  Institution  of  Civil  Engineers  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated,  shortly  after  Half-past  Four 
o'clock.     The  attendance  was  43  Members  and  30  Visitors. 


In  the  evening  the  Annual  Dinner  of  the  Institution  was  held  at 
The  Criterion,  Piccadilly,  and  was  largely  attended  by  the  Members 
and  their  friends.  The  President  occupied  the  chair,  and  the 
following  Guests  accepted  the  invitations  sent  to  them,  thoucfh 
some  were  unavoidably  prevented  at  the  last  from  being  present. 

Y  2 
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The  Plight  Honourable  the  Earl  (jf  Ciav.ford  and  Balcarreg, 
F.R.S.,  Honorary  Life  Member ;  Captain  Lord  Charles  Beresford, 
R.N.,  C.B.,  1M.P. ;  Sir  Frederick  A.  Abel,  C.B.,  F.E.S.,  Honorary 
Life  Member ;  Sir  George  Elliot,  Bart.,  M.P. ;  Mr.  William  Mather, 
M.P. 

Institution  of  Civil  Engineers. —  Sir  George  B.  Bruce,  President. 
Sir  John  Fowler,  K.C.M.G. ;  Mr.  Thomas  Ha^vl£sley,  F.E.S. ;  Mr. 
James  Abernethy,  F.E.S.E. ;  Past-Presidents.  Mr,  George  Berkley  ; 
Mr.  Harrison  Hayter ;  Mr.  Alfred  Giles,  M.P. ;  Vice-Presidents. 
Mr.  Benjamin  Baker  ;  Mr.  Charles  Ha-n  ksley ;  Mr.  James  Mansergh  ; 
Sir  Eobert  Piawlinsou,  K.C.B. ;  Sir  Edward  James  Peed,  K.C.B., 
F.E.S.,  M.P. ;  Mr.  William  Shelford ;  Members  of  Council.  Mr 
William  Pole,  F.E.SS.  L.  and  E.,  Honorary  Secretary,  Mr.  James 
Forrest,  Secretary. 

Professor  G.  G.  Stokes,  M.P.,  F.E.S.,  President  of  the  Eoyal 
Society;  Mr.  John  Marley,  President  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers ;  Mr.  Edward  P. 
Martin,  President  of  the  South  Wales  Institute  of  Engineers ; 
Mr.  Elias  P.  Squarey,  President  of  the  Surveyors'  Institution  ; 
Mr.  Daniel  Adamson,  President  of  the  Iron  and  Steel  Institute ; 
Mr.  Francis  C.  Marshall,  President  of  the  North-East  Coast 
Institution  of  Engineers  and  Shipbuilders. 

Mr.  Thomas  Aitken,  Manager,  London  and  Edinburgh  Shipping 
Co. ;  Mr.  Henry  Cochrane ;  Mr.  Henry  Heath  Cochrane ;  Mr.  John 
Cochrane  ;  Professor  James  H.  Cotterill,  F.E.S. ;  Mr.  Joseph  Gordon, 
Borough  Surveyor,  Leicester  ;  Mr.  Henry  Lambert,  General  Manager, 
Great  Western  Eailway;  Mr.  Eobert  A.  McLean,  Auditor;  Mr. 
Harry  Lee  Millar,  Treasurer ;  Mr.  Henry  Brinsley  Sheridan  ;  Mr.  W. 
Strohn,  Breslau ;  Mr.  Archibald  Thomson  ;  Mr.  Ealph  H.  Tweddell : 
Mr.  Gustav  Weitzmann ;  Mr.  Charles  J.  Wilson,  F.C.S. 

The  President  was  supported  by  the  following  Officers  of  the 
Institution,  some  of  whose  names  have  already  been  recorded  in 
another  capacity : — Sir  Lowthian  Bell,  Bart.,  F.E.S.,  Mr.  Edward 
H.  Carbutt,  Mr.  Thomas  Hawksley,  F.E.S.,  Mr.  Jeremiah  Head, 
Past-Presidents;  Mr.  Daniel  Adamson,  Sir  James  K".  Douglass, 
F.E.S.,  Mr.  Arthur  Paget,  Mr.  Josej^h  Tomlinson,  Vice-Presidents ; 
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Sir  Douglas  Galton,  K.C.B.,  D.C.L.,  F.E.S.,  Professor  Alexander  B 
W.  Kennedy,  F.E.S.,  Mr.  JoLn  G.  Mair,  Mr.  Henry  D.  Marshall, 
Mr.  Edward  B.  Marten,  Mr.  Edward  P.  Martin,  Mr.  E.  Windsor 
Kicliards,  Members  of  Council. 

After  the  usual  loyal  toasts  had  been  proposed  by  the  President, 
the  toast  of  "  The  Houses  of  Parliament "  was  proposed  by  Mr. 
Edward  H.  Carbutt,  Past-President,  and  acknowledged  on  behalf  of 
the  House  of  Lords  by  the  Eight  Honourable  the  Earl  of  Crawford 
and  Balcarres,  F.E.S.,  Honorary  Life  Member,  and  for  the  House  of 
Commons  by  Mr.  Alfred  Giles,  M.P.  ]\Ir.  Daniel  Adamson,  Vice- 
President,  proposed  "  The  Army  and  Navy  "  ;  and  in  responding  on 
behalf  of  both  services  and  for  the  reserve  forces  of  each,  Captain 
Lord  Charles  Beresford,  E.N.,  C.B.,  M.P.,  indicated  the  reforms  and 
improvements  he  considered  desirable  to  be  carried  out  in  the 
interests  of  the  British  Empire.  The  toast  of  "  The  Learned 
Societies,"  proposed  by  Mr.  Joseph  Tomlinson,  Vice-President,  was 
acknowledged  by  Professor  G.  G.  Stokes,  M.P.,  F.R.S.,  President  of 
'the  Eoyal  Society.  The  toast  of  "  The  Professional  Institutions," 
proposed  by  Mr.  Arthur  Paget,  Vice-President,  was  acknowledged 
by  Sir  George  B.  Bruce,  President  of  the  Institution  of  Civil 
Engineers,  and  Mr.  Francis  C.  Marshall,  President  of  the  North- 
East  Coast  Institution  of  Engineers  and  Shipbuilders.  The 
■concluding  toast  of  "  The  Institution  of  Mechanical  Engineers," 
proposed  by  Sir  John  Fowler,  K.C.M.G.,  Past-President  of  the 
Institution  of  Civil  Engineers,  was  acknowledged  by  the  President. 
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ADDEESS  BY  THE  rEESIDENT, 

CHAELES  COCHRANE,  ESQ. 

I  have  found  great  difficulty  in  deciding  to  present  tlie  Members 
of  this  Institution  witli  an  Address  on  the  occasion  of  my  election  to 
the  Presidency,  feeling  that  the  practice  of  doing  so  might  be  more 
honoured  in  this  instance  in  its  breach  than  in  its  observance  ;  but 
being  reminded  I  had  the  world  to  roam  over,  and  that  whatever  I 
might  say  would  not  be  debatable,  I  have  ventured  on  an  attempt  to 
follow  the  usual  custom.  The  difficulty  consists  in  knowing  on 
what  siibject  to  address  you,  with  which  you  are  not  already  more 
fully  acquainted  than  myself;  and  if  I  make  suggestions  which  may 
seem  out  of  place,  allow  me  to  plead  a  simple  desire  to  impart  what 
I  possess,  whether  common  to  us  or  not. 

First  and  foremost  I  suppose  among  the  topics  which  most  interest 
mechanical  engineers  is  the  Steam  Engine  itself,  to  the  study  of 
which  this  Institution  may  boast  that  it  has  contributed  in  no  small 
degree  by  its  recent  investigation  into  the  j)ractical  relation  of 
the  horse-power  developed  to  the  steam  and  boiler  jiower  needed 
for  its  development.  Nothing  could  be  more  confusing  than  the 
method  hitherto  in  use  for  determining  the  efficiency  of  marine 
engines  by  a  mere  reference  to  the  coals  consumed  on  a  voyage,  no 
regard  being  paid  to  the  nature  of  the  boilers,  their  evaporative 
power,  the  steam  connections,  the  degree  of  expansion  of  the  steam, 
the  perfection  of  the  condensation  &c.,  all  of  which  seem  to  have 
been  merged  into  three  factors — coal  consumed,  cargo  carried,  and 
length  of  voyage.  The  recent  experiments  on  the  s.s.  "  Meteor " 
have    gone    far   to    get    rid   of   this    confusion,    and    to    establish 
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practically  tbe  real   relation   bet^^'ecn  tlic  water   evaporated  in  the 
boiler,  tlie  water  wliich  in  the  form  of  steam  fills  the  cylinder  in  its 
expanded   condition,  and   by   difference    the    steam    which    actually 
condenses   and    is   lost   in  the    course    of   the   stroke.     This    is  at 
jjresent  mixed  up  with  what  is  condensed  in  the  steam-jacket ;  but 
here  again  our  Institution  is  investigating  by  a  separate  committee 
the  benefits  of  the  steam-jacket ;  and  doubtless  they  will  consider  the 
question  of  whether  it  is  better  to  heat  the  steam-jacket  by  heated 
gases  rather  than  by  steam.      The  outcome  of  such  researches  as 
those  which  have  already  been  made   cannot  fail  to  redound  to  the 
credit  and  renown  of  our  Institution,  whilst  enabling  engineers  to 
separate  the  duty  of  the  boiler  from  that  of  the   engine,  and  so  to 
know  Avhich,  if  either,  is  at  fault,  and  the  extent  to  which  it  is  at 
fault.     It  is  only  proper  here  to  call  to  mind  the   advantages  that 
must  arise  out  of  this  important  system  of  original  research,  to  which 
this  Institution  has  most  wisely  committed  itself.     There  are  points 
of  practice  which  can  be  investigated  only  by  a  body  combining 
practice  and  theory  in  such  a  way  as  to  make  their  work  a  standard 
of  reference  for  future  progress. 

It  must  be  painfully  confessed,  I  think,  that  there  is  sad  neglect 
of  land  engines  and  boilers  in  respect  of  obtaining  the  highest 
economy  of  steam,  as  for  instance  in  the  employment  of  cylinders 
too  large  for  the  work  they  have  to  do  ;  of  connecting  jjipes  too  small 
between  boilers  and  engines ;  and  in  the  omission  to  call  in  the  aid 
of  the  mechanical  engineer  as  often  as  ought  to  be  done,  in  order  to 
effect  economies  in  large  and  small  establishments,  economies  which, 
in  consequence  of  the  invisible  character  of  the  steam  to  be  dealt 
with,  are  out  of  sight  as  well  as  out  of  mind. 

In  respect  of  non-compound  Locomotives,  attention  may  be  drawn 
to  the  improvement  made  in  getting  rid  of  the  exhaust  steam  to 
prevent  the  choking  of  the  outlet,  a  condition  which  threatened  to 
prevent  the  further  development  of  speed  on  railways.  By  increasing 
the  area  of  the  exhaust  passage,  and  dividing  it  into  two  branches — 
one  of  which  allows  half  the  exhaust  to  pass  away  as  usual,  while 
the  other  by  a  descending  passage  partially  embracing  the  cylinder 
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permits  the  escape  of  tlie  other  half  iuto  the  exhaust  pipe  through 
a  more  circuitous  route — this  difficulty  was  surmounted  in  one  or 
more  of  the  engines  which  accomplished  the  remarkahlc  feats  of 
1888  in  the  celebrated  runs  to  Scotland,  when  a  speed  as  high  as 
seventy-five  miles  per  hour  was  attained  on  some  portions  of  the 
joui'ney.  The  Institution  has  recently  had  under  discussion  the 
important  subject  of  the  compounding  of  locomotives,  and  it  seems 
extremely  probable  that  in  the  coming  summer  the  respective  merits 
of  compound  and  non-compound  locomotives  will  be  fairly  tested  by 
the  competing  railways.  There  appears  to  be  little  doubt  that 
compound  locomotives  show  a  fuel  economy  of  12  to  14  per  cent., 
and  in  one  case  23  per  cent,  has  been  named  ;  but  there  seems  to  be 
some  difference  of  opinion  as  to  how  far  the  economy  of  12  to  14 
per  cent,  is  due  merely  to  the  employment  of  the  higher  pressure  of 
steam,  and  whether  a  like  economy  is  not  obtainable  by  raising  the 
boiler  pressure  20  lbs.  in  a  non-compound  locomotive.  The  balance 
of  evidence  seems  to  show  that  the  economy  is  due  to  the  extra 
pressure  of  steam,  but  that  this  extra  pressure  cannot  be  efficiently 
employed  without  comj^ounding,  on  account  of  the  greater  range  of 
temperature  occurring  in  the  pair  of  single  cylinders,  and  the 
consequent  greater  waste  from  condensation,  and  the  greater  strain 
on  the  working  parts  from  the  higher  pressure  of  steam  in  two 
equal-sized  cylinders  than  in  the  small  cylinder  of  a  compound 
engine.  Stress  is  laid  by  the  advocates  of  one  small  and  one  large 
cylinder  of  the  Worsdell  and  v.  Berries  type  on  the  fact  that 
strains  are  reduced  and  a  softer  exhaust  is  obtained.  It  is  to  be 
hoped  the  subject  will  soon  receive  further  consideration  at  the 
hands  of  the  Members  of  our  Institution,  and  that  the  comparative 
merits  of  the  various  systems  of  compounding  Nvill  be  brought  fully 
under  our  notice. 

Electricity  has  further  come  to  the  aid  of  the  mechanical  engineer 
in  the  railway  system,  two  remarkable  illustrations  of  which  our 
Members  had  the  opportunity  of  witnessing  last  year  at  Bessbrook  and 
Portrush  in  Ireland,  giving  promise  of  larger  and  more  general 
application  of  this  power,  when  circumstances  favour  its  chea^^ 
production  by  proximity  of  waterfalls  or  cheapness  of  fuel. 
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lu  connection  with  tliis  subject  of  locomotion  may  be  mentioned 
the  increasing  development  of  the  endless-rope  system  for  tbe 
movement  of  tramcars  in  towns  and  cities.  Nowhere  Las  this 
development  attained  to  sucli  a  pitch  as  in  the  United  States. 
At  Sau  Francisco  the  steepest  gradients  on  which  houses  can 
conveniently  be  built  are  provided  with  the  wire-rope  system,  and 
so  the  houses  at  the  top  of  the  slopes  are  made  as  accessible  as  those 
at  the  base  ;  just  as  in  the  houses  themselves  the  upper  storeys,  by  aid 
of  the  American  elevator,  are  made  as  accessible  to  the  tenants  as  the 
lower.  In  Chicago  the  wire-rope  system  has  attained  a  marvellous 
development ;  and  in  one  case,  if  I  remember  rightly,  a  clear  run  of 
five  miles  is  obtained  from  one  engine  plant. 

Now  that  the  question  of  increased  cheapness  of  transport  is 
engaging  the  attention  of  the  commercial  world,  the  fact  of  past 
neglect  of  the  Waterways,  which,  through  the  genius  of  our  Brindley, 
Telford,  and  other  engineers,  we  once  possessed,  is  evident,  and  makes 
it  imperative  that  the  development  of  this  the  least  costly  means  of 
conveyance  must  be  the  policy  of  the  future,  if  we  are  to  hold  our 
own  against  the  nations  of  the  world,  and  supply  ourselves  to  the 
best  advantage.  The  means  of  propulsion  for  boats  and  barges 
along  existing  and  future  waterways  is  one  which  is  already 
engaging  the  serious  attention  of  mechanical  engineers,  and  oj)ens 
up  a  field  of  investigation  promising  to  bear  valuable  fruit  to  the 
discoverer  of  the  simplest  and  most  effective  motor  capable  of  easy 
removal  from  one  canal  boat  to  another  :  so  that,  if  the  boat  is  laid 
aside,  the  engine  may  be  usefully  emj^jloyed.  It  is  hoped  that  at 
our  Paris  meeting  some  valuable  information  may  be  placed  before 
the  Members  on  this  question  of  propulsion.  Our  French  neighbours 
are  themselves  busy  in  efforts  to  solve  the  haulage  or  propulsion 
problem,  the  conditions  of  which  are  well  summed  up  in  the  Journal 
of  the  Society  of  Arts,  7th  September  1888,  page  1035,  in  the 
following  suggestions  : — "  That  practical  and  scientific  experiments  be 
made  in  order  to  ascertain  the  most  suitable  forms  and  proportions 
for  boats  used  in  the  great  traffic  on  inland  waterways ;  that  these 
experiments  be  carried  out  under  the  direction  of  the  governments 
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interested  in  the  progress  of  inland  navigation,  and  according  to  a 
nniform  system  to  be  previously  agreed  upon  ;  and  also  (to  ascertain) 
tbc  best  means  of  propulsion,  either  forming  part  of  the  boat  or 
independent  of  it,  which  best  fulfil  the  conditions  of  speed, 
regularity,  and  cheapness."  Among  the  existing  means  of 
propulsion  may  be  mentioned  :  —  self-propulsion  by  steam,  with 
screw  or  paddle ;  and  propulsion  by  aid  of  a  submerged  chain  or 
rope,  gripped  by  the  tug.  "With  either  of  these  methods  it  is 
stated  that  haulage  of  barges  by  a  locomotive  running  along  the  bank 
compares  unfavourably.  In  the  meantime  the  urgency  of  the 
solution  of  the  problems  of  increased  facilities  for  water-transport 
in  this  country,  and  of  the  best  methods  of  propulsion,  is  rendered 
evident  by  the  enormous  advantages  possessed  by  other  European 
countries — Holland,  Belgium,  France,  and  Germany — in  comparison 
with  Great  Britain  ;  whilst  the  Americans  have  made  great  strides 
in  the  same  direction.  I  saw  it  stated  in  the  Iron  and  Coal  Trades 
Review,  of  23rd  November  1888,  that  up  to  1883  France  had  spent 
over  £42,000,000  on  her  rivers  and  canals  combined ;  and  there  can 
now  be  no  doubt  that  waterways  have  a  great  future  in  our  country, 
in  whicli,  during  the  fifty  years  following  on  the  construction  of  the 
Bridge  water  Canal  between  Manchester  and  Liverpool,  three  thousand 
miles  of  canal  were  made  at  a  cost  of  £50,000,000. 

The  Canals  that  are  immediately  needed  in  England  should  be 
constructed,  or  where  already  existing  should  be  enlarged: — first, 
from  London  to  the  Midland  Counties,  Birmingham,  Wolverhampton, 
Dudley  &c.,  and  from  thence  to  Liverpool,  j)ossibly  by  junction  with 
the  Manchester  Ship  Canal ;  second,  from  the  Midland  Counties  to 
Gloucester ;  and  third,  from  the  Midland  Counties  to  Hull.  These 
canals  should  be  of  a  character  differing  in  many  important  jjoints 
from  the  miniature  canals  now  in  use.  They  should  be  walled  in,  to 
prevent  the  wash  of  boats  and  barges  from  doing  injury  to  their  banks. 
The  government  should  provide  carefully  and  stringently  that  these 
canals  should  be  absolutely  beyond  the  influence  of  railway  companies. 
Trades  of  the  Midlands  now  in  a  semi-decaying  condition  would  spring 
into  new  life ;  and  a  new  and  permanent  imj)ulse  would  be  given  to 
numberless  industries  and  to  the  general  trade  of  all  that  part  of 
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Englancl.  The  capital  for  sucTi  operations  would  be  readily  found,  if 
only  tlie  government  recognised  the  claims  on  them,  as  they  do 
elsewhere,  to  encourage  such  works,  either  by  advancing  the  money 
at  a  low  rate  of  interest,  say  3  to  3^  per  cent,  per  annum,  or  by 
guaranteeing  a  minimum  dividend  of  3  to  3j  per  cent,  on  the 
necessary  capital.  In  either  case  the  government  would  decide  on 
the  route  of  the  canals  and  upon  the  amount  of  the  capital,  and  would 
nominate  commissioners  to  represent  government  interests.  Should 
the  government  advance  the  money  rather  than  guarantee  the  interest, 
then,  inasmuch  as  the  government  could  raise  the  amount  at  2|-  to  3 
per  cent.,  they  would  make  a  profit  of  ^  to  ^  per  cent.,  which  would 
cover  expenses  and  leave  a  profit  to  the  exchequer  of  the  country. 
Should  the  government  prefer  to  guarantee  the  3  per  cent,  interest, 
the  value  of  the  security  would  be  equal  to  that  of  consols ;  the 
risk  would  be  infinitesimal ;  the  profit  earnings  might  be  fairly 
expected  to  do  more  than  cover  the  3  per  cent,  interest  and 
the  ^  per  cent,  extra  for  government  expenses  if  agreed  ;  and  the 
government  would  at  least  reserve  to  itself  the  right  to  make  up  the 
deficiency  of  any  one  year  out  of  future  earnings.  Why  should  the 
government  refuse  ?  The  work  is  a  national  work,  and  the  priucij)le 
of  government  advances  is  conceded  in  such  examples  as  the 
Suez  Canal,  local  improvements,  education,  Irish  landlords,  and 
numberless  other  instances.  Why  should  England  in  this  respect 
be  behind  foreign  governments,  nearly  all  of  which  guarantee  a 
minimum  dividend  on  important  national  undertakings  ?  This 
policy  has  been  adopted  in  India,  the  government  there  freely 
entering  into  such  obligations,  and  finding  such  a  course  greatly  to 
the  advantage  of  the  country  and  the  government.  Nay  more,  the 
government  in  India  not  only  guarantees  minimum  dividends  on 
projected  railways,  but  in  some  cases  ofi"ers  to  work  the  railways 
by  providing  rolling  stock  and  maintaining  the  lines,  upon  having 
assigned  to  itself  50  per  cent,  of  the  gross  receipts.  Such  an 
example  is  to  be  found  in  the  railway  to  be  constructed  from 
Delhi  via  Kurnal  and  Umballa  cantonment  station  to  Kalka  at  the 
foot  of  the  Simla  Hills,  at  a  cost  of  £800,000,  exclusive  of  £300,000 
debentures.     In  this  case  uo  dividend  is  guaranteed;  but  it  miist  bo 
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atlmittecl  the  proposed  arrangement  is  an  excollcut  equivalent,  and 
shows  tlic  active  mauucr  in  wliicli  tlie  government  takes  part  in 
and  assists  works  of  great  public  importance.  AMiy  not  tlien  take 
part  in  tlicso  proposed  canals,  wLicli  arc  to  restore  the  trades  and 
manufactures  in  various  i)arts  of  the  country  and  to  promote  those 
ialready  existing  ? 

Nor  need  our  view  be  limited  to  the  growing  imj^ortance  of  the 
question  of  canals,  and  to  the  activity  of  our  near  neighbours. 
Developments  with  which  mechanical  engineers  must  be  intimately 
associated  are  taking  place  in  every  country  and  every  quarter  of  the 
globe.  Science  is  ever  making  more  rapid  progress  ;  wealth  all  over 
the  world  is  increasing  in  proportions  undreamt  of  by  our  fathers  ; 
gold  and  silver  discoveries  and  the  mining  of  copper  have  called 
into  play  a  class  of  machinery  which  has  rendered  j)rofitable  the 
working  of  mines  hitherto  untouched ;  whilst  the  products  of  the 
vast  industries  in  j)rogress  all  around  us  are  annually  adding  largely 
to  the  wealth  of  nations,  so  that  new  wants,  calling  for  the  aid  of  the 
engineer,  are  everywhere  being  created.  More  especially  is  this  the 
case  in  connection  with  the  republics  of  North,  South,  and  Central 
America,  and  with  Mexico  and  her  federated  states,  scarcely  inferior 
in  number  to  those  of  her  great  neighbour,  and  certainly  not  inferior 
to  the  United  States  in  the  wealth  which  is  now  on  the  eve  of 
vigorous  and  practical  develojiment.  Mexico  is  about  to  cover  her 
territory  with  railways,  harbours,  piers,  gigantic  drainage  works, 
bridges,  viaducts,  tramways,  &c. ;  and  is  also  requiring  the  necessary 
machinery  for  her  mining  and  commercial  enterprises.  Chili  and 
Peru  are  also  moving  forward  with  new  sources  of  wealth  and  in  the 
same  direction  as  Mexico,  the  nitrates  being  far  greater  revenue 
producers  than  the  famous  guano  deposits  of  Peru.  What  has  for 
ages  been  a  productive  petroleum  field  in  Peru,  considering  how 
crude  have  been  the  means  hitherto  employed  for  working  it,  is  now 
being  opened  with  modern  machinery,  and  is  already  yielding  large 
quantities  of  oil  and  gas  from  flowing  wells ;  it  may  indeed  j^robably 
rival  both  American  and  Eussian  fields,  owing  to  the  enormous 
advantages   it   possesses   in    distance    and    other   respects   for   the 
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Chinese,  Australian,  and  Indian  trade.  The  Argentine  Eei^ublic 
and  other  states  are  also  at  this  moment  addressing  themselves 
to  Europe  for  caj)ital  and  for  scientific  assistance.  Among  the 
other  states  may  be  mentioned  Venezuela,  where  a  railway  is 
in  course  of  construction  from  Barcelona,  running  sixteen  miles 
inland  to  open  uj)  a  coalfield  in  a  chain  of  mountains,  in  which  tlie 
coal  crops  out  in  the  hillside ;  tlie  coal  is  to  be  shipped  from  the 
Puerto  de  Guanto,  a  port  thirteen  miles  distant  from  Barcelona  by 
rail.  Even  in  Europe,  Spain  is  at  length  waking  up,  and  is  now 
raising  large  sums  to  complete  works  which  require  the  skill  and  co- 
operation of  the  engineer,  and  is  giving  subventions  for  her  railways. 
In  addition  to  all  this,  it  is  now  clear  that  China  and  Japan 
have  at  length  commenced,  and  are  prejjared  to  embark  on,  a  career 
of  railway,  harbour,  and  bridge  work,  which  may  soon  attain  colossal 
proportions ;  and  last  of  all,  through  the  explorations  of  Captain 
Wiggins,  of  Sunderland,  and  the  generous  concession  of  the  Russian 
government  to  Sir  IJobert  Morier,  there  is  now  the  promise  of  opening 
up  through  the  river  channels  of  the  Obi  and  Yenisei  the  almost 
unrivalled  cornfields  and  gold-bearing  rocks  of  Siberia.  For  these 
and  other  reasons  too  numerous  to  mention,  the  profession  of  the 
engineer  must  be  regarded  as  one  of  daily  increasing  importance, 
especially  when  we  remember  that  an  English  engineer  is  well 
received  and  relied  uj)ou  in  every  part  of  the  world. 

In  reference  to  the  present  attainments  of  the  engineer,  whether 
in  boldness  of  conception  and  magnitude  of  the  work,  or  in  the 
methods  adopted  for  its  execution,  an  example  may  be  quoted  in 
the  wonderful  structure  of  the  Forth  Bridge,  so  ably  designed  by 
Sir  John  Fowler  and  Mr.  Benjamin  Baker  to  avoid  all  necessity 
for  supi^lementary  centering,  and  to  make  every  comi)leted  portion 
of  the  work  serve  as  the  requisite  staging  for  further  erection.  Im 
no  other  way  does  it  seem  possible  that  the  huge  bridge  could  have 
been  constructed  to  span  the  two  largest  openings  in  the  world  of 
1,700  feet  each  between  pier  and  pier. 

The  Eiffel  Tower  at  Paris,  nearly  1,000  feet  high,  seems  to  havo 
been  designed  for  the  world's  fair  of  1889  in  Paris,  to  show  how 
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even  the  liigli  towers  of  the  Fortli  Bridge,  rising  to  3G1  feet 
above  liigli-watcr  level,  can  be  ontstri2>pc(l  in  a  veritable  tower  of 
Babel  of  twice  the  height  of  any  existing  monument.  The  top 
of  the  tower  is  made  accessible  by  elevators,  of  which  I  hojjo  a 
description  will  be  given  to  the  Institution  in  Paris. 

For  boldness  of  design,  combined  with  the  greatest  delicacy  of 
manipulation,  may  be  mentioned  that  wonderful  telescope  erected  at 
Mount  Hamilton,  California,  at  the  Lick  Observatory,  so  named 
after  its  founder,  James  Lick.  The  floor  of  this  observatory  is 
Glh  feet  diameter  and  weighs  22  tons,  and  is  movable  vertically 
through  a  range  of  IG^  feet  between  two  fixed  galleries  (see 
Engineering,  31  Aug.  1888).  The  upward  movement  is  accomplished 
by  hydraulic  rams  in  ten  minutes,  and  the  downward  in  five  minutes. 
This  arrangement  has  dispensed  with  the  use  of  a  lofty  and 
inconvenient  series  of  step-ladders,  and  the  idea  of  a  rising  and 
falling  floor  is  due  to  the  inventive  genius  of  a  countryman 
of  ours,  Sir  Howard  Grubb,  of  Dublin,  who  was  consulted 
about  the  difficulty  of  arranging  for  an  observatory  of  such 
exceptionally  large  dimensions.  It  is  not  improbable  that  all  the 
movements  will  ultimately  be  controlled  by  electrical  connection 
from  the  observer's  hand,  acting  on  hydraulic  machinery.  The  roof 
consists  of  a  steel  dome  75  feet  diameter,  and  the  weight  of  its 
moving  parts  is  88  tons.  The  tube  of  the  telescope  is  52  feet  long, 
tapering  from  4  feet  diameter  in  the  middle  to  3  feet  at  either  end. 

Of  works  in  progress  may  be  mentioned  the  construction  in  this 
country  of  two  hydraulic  lifts  to  raise  ships  weighing  2,000  tons  out 
of  the  water,  to  a  height  of  40  feet,  to  be  transjiorted  by  railway  a 
distance  of  17  miles  before  being  again  lowered  into  the  water.  The 
lifts  will  be  erected  at  Halifax,  Nova  Scotia ;  and  the  railway  will 
connect  the  head  of  the  Bay  of  Fundy  with  the  Gulf  of  St.  Lawrence. 
The  chief  engineer  of  this  work  is  Mr.  Benjamin  Baker. 

Among  developments  which  may  be  attributed  mainly,  if  not 
entirely,  to  the  inventive  faculty  of  the  mechanical  engineer,  and 
which  give  him  the  power  to  carry  out  these  wonderful  structures, 
may   be    mentioned    the   extension    of  the   application    of    power 
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macliiuerj,  such  as  the  hydraulic  machinery  now  employed  for 
performing  the  eftective  riveting  of  large  thicknesses  in  situations 
which  would  otherwise  be  impracticable;  for  forging  by  jiressure, 
and  for  the  only  thorough  system  of  welding  by  uniform  pressure 
through  the  mass  in  place  of  surface  hammering  ;  and  for  curving 
plates,  from  armour  plates  to  Forth  Bridge  plates.  At  the  Forth 
Bridge  works  the  application  of  hydraulic  power  has  been  carried  to 
the  remarkable  extent  of  effecting  the  continuous  riveting  together  of 
large  steel  plates  forming  an  average  thickness  of  from  3  to  4  inches 
through  the  joints,  in  positions  extending  to  a  height  of  350  feet,  and 
stretching  out  over  the  water  to  a  distance  of  500  feet ;  ultimately 
680  feet  distance  is  contemjilated.  The  riveting  is  done  by  small 
portable  machines  working  with  a  jiressure  of  1,000  lbs.  per  sc[uare 
inch,  and  in  exceptional  cases  up  to  3  tons  per  inch ;  and  the  power 
is  conveyed  to  them  by  small  jointed  pij)es  from  the  engine  and 
compressing  pumps  on  the  ground  below.  In  connection  with  the 
application  of  hydraulic  pressure,  mention  ought  here  to  be  made  of 
a  system  which  dispenses  with  the  necessity  of  accumulators,  and 
which  my  firm  has  had  in  operation  at  Woodside  Iron  Works  for 
many  years.  It  consists  of  a  three-throw  pump  driven  by  shafting 
or  worked  by  steam,  and  depends  partially  upon  the  work  accumulated 
in  a  heavy  fly-wheel.  The  water  in  its  passage  from  the  pumps  and 
back  to  them  is  in  constant  circulation  at  a  very  feeble  pressure, 
requiring  a  minimum  of  j)ower  to  preserve  the  tube  of  water  ready 
for  action  at  the  desired  moment,  when  by  the  use  of  a  tap  the  current 
is  stopped  from  going  back  to  the  pumps,  and  is  thrown  uj)on  the 
jjiston  of  the  tool  to  be  set  in  motion.  The  water  is  now  confined, 
and  the  driving  belt  or  steam  engine,  supplemented  by  the  momentum 
of  the  heavy  fly-wheel,  is  employed  in  closing  up  the  rivet,  or 
bending  or  forging  the  object  subjected  to  its  operation.  The 
inventor  of  this  very  useful  and  simple  application  of  hydraulic 
pressure  is  Mr.  Andrew  Higginson,  of  Liverpool.  Hydraulic  power 
has  been  successfully  applied  to  the  bodily  lowering  and  raising  of 
great  turret-guns,  and  most  usefully  to  do  the  work  of  buffers  at  the 
ends  of  railway  sidings. 
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The  substitution  of  Triple  Expansion  marine  engines  for  Jouble 
expansion  is  as  marked  a  step  in  the  history  of  mechanical  progress 
as  was  the  previous  substitution  of  double  expansion  for  single 
expansion,  to  which  special  reference  was  made  by  our  Past-President, 
Sir  Frederick  Bramwell,  at  the  Liverpool  meeting  of  the  Institution 
in  1872  (Proceedings  1872,  page  125).  It  is  a  striking  circumstance 
that  at  that  time,  as  then  described  by  him,  the  pair  of  single- 
cylinder  engines  previously  used  was  being  rapidly  replaced  by  a 
pair  of  compound  engines  in  the  large  steamers ;  and  single  engines 
that  were  even  nearly  new  were  being  sacrificed  for  the  purpose  of 
realising  the  great  saving  of  fuel  obtained  with  the  compound  engines, 
and  the  attendant  gain  in  increased  cargo  space.  And  now,  after 
another  fifteen  years'  experience,  these  two-cylinder  compound 
engines  have  in  theii"  turn  been  again  discarded  for  the  further  step 
of  three-cylinder  engines,  having  triple  expansion  instead  of  double 
expansion,  and  a  consequent  still  further  saving  of  fuel.  One  of  our 
Vice-Presidents,  Mr.  Adamson,  has  been  bold  enough  to  predict  the 
following  up  of  the  triple  by  quadruple  expansion,  as  the  necessary 
outcome  of  the  benefits  derived  from  each  of  the  previous  stages. 

In  the  development  of  Marine  Engineering  during  the  past  fifteen 
years  or  more,  notice  ought  to  be  taken  not  only  of  the  increased 
and  growing  dimensions  of  the  hulls  of  vessels,  but  of  the  admirable 
application  of  steam  power  to  the  control  of  the  rudder,  enabling 
the  work  of  steering  a  large  vessel  to  be  now  controlled  by  one 
man,  where  in  rough  weather,  or  where  manoeuvring  is  required, 
four  or  more  men  would  otherwise  be  needed ;  besides  which,  that 
one  man  is  in  close  proximity  to  the  captain  on  the  bridge,  instead 
of  having  several  men  all  at  the  stern,  removed  from  him  by  half 
the  length  of  the  ship,  as  was  the  case  formerly.  This  is  an 
excellent  illustration  of  how  one  improvement  leads  on  to  another, 
without  which  it  might  be  difiicult  or  impossible  to  work  out  the 
first ;  and  so  progress  is  rendered  possible  by  the  mutual  adaptation 
of  every  part  to  the  whole.  The  admirably  simple  and  ingenious 
differential  gear  originally  invented  by  our  Member,  Mr.  J. 
Macfarlane  Gray,  for  steering  the  Great  Eastern,  and  now  so 
extensively  applied  in  large  steamships,  was  described  in  his  paper 
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to    this    lustitution    tu-cnty-two     years     ago    (Proceedings    1867, 
page  2G7). 

In  this  connection  mention  may  be  made  of  the  beautiful 
invention  of  Sir  William  Thomson  for  taking  soundings,  in  which 
he  avails  himself  of  the  compression  of  air  in  a  glass  tube  of  small 
diameter,  coated  inside  with  a  colouring  matter  consisting  of  chromate 
of  silver,  which  is  immediately  destroyed  by  the  contact  of  sea  water. 
The  glass  tube  is  protected  in  a  brass  case,  and  is  attached  to  the 
sounding  line  a  little  above  the  customary  lead.  It  will  be  seen  that 
as  the  instrument  descends,  the  tube  being  open  at  the  lower  extremity 
and  closed  at  the  upper,  the  air  is  compressed  in  it  in  proportion  to 
the  depth  of  water  ;  and  a  permanent  record  is  retained  of  the  amount 
of  compression,  by  the  undisturbed  colouring  matter  left  in  the  upper 
part  of  the  tube.  The  beauty  of  this  simple  invention  is  that  it  acts 
irrespective  of  the  angle  of  the  sounding  line. 

Nor  ought  Railway  mechanical  improvements  in  general  to  be 
overlooked  in  any  reference  to  progress  made.  The  remarkable 
development  of  locomotive  working,  and  the  high  degree  of  perfection 
to  which  it  has  attained,  could  not  have  been  reached  without 
collateral  improvements  to  ensure  the  safe  working  of  the  high- 
speed through-trains  on  thronged  main  lines.  These  imj^rovements 
are  to  be  found  in  the  mechanical  interlocking  of  signals  and 
points,  and  the  mechanical  contrivances  of  continuous  brakes ;  the 
increased  weight  of  rails  from  65  and  75  lbs.  to  85  and  90  lbs.  per 
yard,  and  the  substitution  of  steel  for  iron;  the  adoption  of  the 
ingenious  and  simple  plan  devised  by  our  Past-President,  Mr. 
Eamsbottom,  for  refilling  the  tender  tank  whilst  running  at  full  speed, 
by  scooping  up  the  water  from  a  long  trough  laid  down  between 
the  rails ;  the  doubling  of  the  lines  of  rails,  in  order  to  separate 
the  slow  from  the  quick  traffic ;  and  the  means  of  communication 
between  passengers  and  guard.  Mr.  W.  P.  Marshall,  in  calling 
attention  to  many  very  interesting  points  on  modern  railways 
in  a  paper  read  before  the  Birmingham  Philosophical  Society — 
I  may  here  mention  that  I  am  indebted  to  Mr.  Marshall  for  several 
valuable  hints — sums  up  his  observations   with   one  to  the  effect 
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that  the  present  annual  rate  of  increase  in  the  total  railway  mileage 
of  the  world  is  more  than  seventeen  thousand  miles,  and  is  equal  to 
nearly  as  much  as  the  whole  railway  mileage  of  this  country,  "  showing 
a  good  promise  of  business  to  come  for  the  numerous  manufactures 
that  are  concerned  in  the  making  and  working  of  railways." 

The  next  point  to  which  I  would  fain  direct  attention  is  the 
great  room  for  improvement  in  the  Sanitary  arrangements  of  towns 
and  houses.  These  are  essentially  engineering  questions,  and  havo 
not  hitherto  received  the  attention  they  merit.  It  is  difficult  to 
name  a  town  in  which  the  application  of  a  new  drainage  system  has 
not  left  foul  evidence  of  the  nuisance  it  has  been  supposed  to  remove. 
Although  by  carefully  trapping  the  house  from  the  sewer  the  more 
immediate  danger  of  perpetual  inhalation  of  sewer  gases  has  been 
removed,  yet  the  open  sewer  grates  in  the  streets,  without  any  attempt 
at  real  ventilation,  emit  the  foul  smells  of  the  sewer  into  the  street. 
The  worst  case  of  this  kind  which  has  come  under  my  notice  was  at 
Lincoln,  where  the  ground  is  so  flat,  and  the  fall  to  the  pumping 
engines  so  slight,  that  it  may  readily  be  imagined  a  semi-stagnant 
condition  of  the  refuse  in  the  sewers  may  exist.  But  not  at  Lincoln 
only  are  such  nuisances  to  be  found,  and,  if  in  lesser  degree,  not  less 
offensive.  At  Eastbourne  a  few  years  ago  the  discharge  of  sewage 
at  low  water,  through  the  mouth  of  the  main  sewer  itself,  led  between 
tides  to  the  pounding  back  of  the  sewage  and  the  compulsory  forcing 
of  the  pent  up  gases  into  the  streets.  This  I  am  told  has  since  been 
remedied.  At  Bournemouth  the  sewage  is  delivered  out  beyond  the 
end  of  the  pier,  through  a  pijie  laid  on  the  bed  of  the  sea.  The 
lighter  specific  gravity  of  the  water  passing  with  the  sewage  causes 
it  to  reveal  itself  by  a  large  sheet  of  foul  water  spreading  out 
visibly  over  the  denser  salt  water.  This  area  of  sewage  water  is 
generally  rendered  further  conspicuous  by  the  presence  of  a  large 
number  of  sea  gulls,  which  are  not  infrequently  known  among  the 
residents  as  the  Bournemouth  scavengers.  It  will  be  obvious  how 
such  a  system  is  to  be  reprehended,  when  the  effects  of  an  in-shore 
wind  are  considered.  At  that  time  the  gulls  are  to  be  seen  as  busy 
on  the  waves  breaking  on  the  beach,  as  at  other  times  over  the 
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mouth  of  tlie  pipe  -nliicb  is  supposed  to  convey  the  sewage  safely 
away  from  the  beach  of  that  charming  seaside  resort. 

The  imperfections  of  the  great  system  of  drainage  forced  upon 
London  are  well  known ;  and  it  is  strange  that,  at  the  very  centre 
from  which  emanate  the  laws  providing  for  the  non-pollution  of 
rivers,  the  worst  example  probably  in  the  world  should  be  found  of 
a  river  polluted  at  one  time  to  such  a  degree  as  to  make  it  impossible 
for  legislators  to  remain  at  their  posts,  and  at  present  offering  in 
its  course  an  example  of  filth  which  it  would  be  difficult  to  surpass. 
To  get  rid  partially  of  the  nuisance  in  London  by  delivering  it  into 
another  portion  of  the  Thames  at  Crossness,  only  some  few  miles 
lower  down,  betrays  an  imperfection  which  will  some  day  need 
farther  correction.  According  to  Dr.  C.  E.  Drysdale,  who  read  before 
the  last  meeting  of  the  British  Medical  Association  at  Glasgow 
a  paper  on  the  subject  of  the  disposal  of  sewage  of  large  cities, 
London  is  at  the  present  time  throwing  away  sewage  to  the  value  of 
£1,000,000  per  annum.  He  quotes  Sir  Eobert  Eawlinson  as  saying 
that  the  sewage  experiment  of  London  is  a  failui-e,  whilst  the  cities- 
of  Berlin,  Dantzig,  and  Breslau,  with  an  aggregate  of  2,000,000' 
inhabitants,  have  enjoyed  the  benefit  of  successful  sewage  farms  for 
fifteen  years  past.  In  London  every  day  there  are  poured  into  the 
Thames  150,000,000  gallons  of  sewage,  the  proper  destination  of 
which  should  be  the  soil. 

New  York,  lying  between  Hudson  and  East  Elvers,  is  guilty  of 
precisely  the  same  fault  we  formerly  committed  in  Loudon,  and  as 
assuredly  will  be  driven,  as  London  was,  to  protect  itself  against  the 
increasing  mischief  of  polluted  rivers  on  the  two  sides  of  the  city. 
The  only  perfect  example  of  drainage  of  which  I  am  aware  is  that 
carried  out  at  Pullman  near  Chicago,  where  the  Palace  Car  Company 
had  the  advantage  of  laying  out  the  town  at  the  same  time  as  their 
works.  The  site  lying  low  and  close  to  the  edge  of  Lake  Calumet, 
drainage  into  the  latter  would  have  been  objectionable,  to  say 
nothing  of  the  certainty  of  future  mischief  arising  from  a  j^olluted 
shore.  The  drains  preceded  the  population,  and  were  laid  out  with 
a  view  to  lead  the  sewage  water  to  a  pumping  engine  considerably 
below  ground  level,  and  the  sewage  is  thence  pumped  to  a  farm 
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three  miles  away  ;  in  this  there  is  no  novelty.  The  novelty 
consisted  in  establishing  a  system  of  ventilating  the  sewers  into 
a  high  stack,  the  draught  of  which  is  sufilcienfc  not  only  to  do 
all  the  work  of  the  establishment  in  raising  steam,  but  to  effect 
the  ventilation  of  the  sewers,  the  gratings  of  which  admit  fresh 
air  from  the  streets,  instead  of  discharging  foul  air  into  them.  I 
am  only  sorry  my  short  visit  prevented  me  from  obtaining  fuller 
information  on  this  interesting  development  of  sanitary  engineering. 
The  population  of  Pullman  is  now  11,000,  and  the  area  covered  by 
town  and  works  is  300  acres  ;  the  death  rate  in  1887  was  as  low 
as  nine  per  thousand.  At  Nottingham  in  this  country  the  sewage 
is  delivered  out  to  a  farm  several  miles  away ;  and  the  storm 
or  surface  water,  as  is  the  case  at  Pullman,  is  conveyed  by  separate 
channels  to  the  ordinary  watercourses.  Tliis  is  obviously  a  point 
of  great  importance,  but  unhajipily  not  always  attended  to.  I  learn 
that  in  London  at  the  Houses  of  Parliament  a  thoroughly  mechanical 
method  of  disposing  of  the  sewage  is  at  "work,  on  what  is  called  the 
Shone  hydro-pneumatic  system,  and  that  this  method  has  been  used 
for  several  years  at  various  places  in  England  ;  but  regret  I  have  no 
personal  acquaintance  on  \\hich  to  base  a  reliable  opinion.  I  am  led 
to  mention  it,  from  the  circumstance  that  a  friend  at  Chicago  has 
written  me  to  say  they  arc  about  to  introduce  it  into  that  city.  What 
London,  and  for  the  matter  of  that  all  towns,  ought  to  be,  was 
well  set  forth  in  a  lecture  delivered  some  months  ago  to  a  London 
audience  by  Mr.  Frederick  Harrison  : — "  It  must  be  a  city  where  our 
noble  river  will  flow  so  bright  and  clear  that  the  young  i)eoj)le  can 
swim  in  it  with  pleasure  ;  where  we  shall  again  see  the  blessed  sun, 
and  clear  blue  sky,  and  the  towers  and  steeples  rising  aloft  in  the 
bright  air;  a  city  which  at  night  will  be  made  as  light  as  day 
with  electric  lamps,  and  in  whose  midst  fountains  will  pour  forth 
water  from  the  hills  of  Snowdou  or  Helvellyn;  a  city  where 
noxious  refuse  will  be  unknown,  and  where  no  deadly  exhalations 
will  be  i^umped  into  homes ;  a  city  where  typhus  and  tyjjhoid  and 
small-pox  will  be  as  rare  as  the  plague,  and  as  much  a  matter  of 
history  as  the  leprosy ;  a  city  where  the  dead  shall  be  no  longer  a 
terror  to  the  living ;  and  where  preventible  disease  will  be  a  crime 
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chargeable  to  some  one,  an  opjH'obrium  to  the  district  in  which  it 
breaks  out."  How  remote  are  the  possibilities  of  realising  one  of 
Mr.  Harrison's  dreams  of  the  future,  not  only  for  London  but  for 
other  populous  places,  as  expressed  in  the  hope  that  the  dead  shall 
cease  to  be  a  terror  to  the  living,  may  be  judged  by  the  persistence 
with  which  a  prejudiced  public,  supported  in  their  resistance  to 
change  by  those  in  authority,  refuse  to  substitute,  for  the  poisonous 
system  of  slow  combustion  of  the  body  in  the  grave,  the  truly  healthy 
system  of  quick  combustion  by  cremation.  In  this  direction  Sir 
Henry  Thompson  has  been  working  for  the  past  fifteen  years,  with 
slow  but  increasing  success.  That  the  mechanical  engineer  has  a 
vast  future  before  him  in  helping  to  realise  Mr.  Harrison's  dream  of 
London's  future  is  certain. 

Our  late  Past-President,  Sir  William  Siemens,  pointed  out  how 
great  was  the  reformation  needed  in  the  adoption  of  a  system  for 
perfect  combustion  of  the  fuel  employed  for  heating  and  warming  our 
houses,  as  a  remedy  for  the  existing  clumsy  method  of  burning 
coals  extravagantly  in  an  open  fire-grate.  Our  Member  of  Council, 
Sir  Douglas  Galton,  has  done  excellent  work  in  showing  how  even 
with  an  open  fire-grate  real  warming  of  fresh  air  in  a  room  may  be 
effected :  so  that,  instead  of  cold  air  rushing  in  to  create  draughts,  a 
jilenum  of  warm  air  shall  meet  and  greet  any  one  entering  the  room. 
This  reduces  the  quantity  of  coal,  at  present  needed  to  warm  a  room 
imperfectly  by  little  more  than  the  effect  of  radiation ;  and  prevents 
the  considerable  bulk  of  the  heat  from  passing  up  the  chimney,  and 
carrying  with  it  smoke  and  dust  to  add  to  the  two  million  particles 
already  established  by  Mr.  John  Aitken,  of  Falkirk,  as  existing  in 
a  cubic  inch  of  air,  before  a  shower  of  rain  falls  and  reduces  their 
number  to  half  a  million.  The  smoke  and  dust  so  discharged  are 
attended  with  the  further  disadvantage  that  in  case  of  fog  every 
particle  is  in  danger  of  becoming  covered  with  a  pellicle  of  tar,  or 
some  oily  and  irritating  product  from  the  distillation  of  coal  in  an 
open  fire. 

Great  work  has  already  been  accomplished  in  the  direction  of 
sanitary  improvements  by  the  provision  of  abundant  supplies  of  fresh 
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AVatcr  to  many  of  our  towns  aud  cities ;  and  our  Institution  has  been 
privileged  to  visit  some  of  tlic  largest  Water  "Works  at  Glasgow, 
Edinburgh,  Dublin,  and  Manclicstcr,  whilst  still  larger  are  in 
progress  for  tlie  su2)ply  of  Liverpool  from  the  mountains  of  Wales, 
and  for  tlio  further  su2>ply  of  Manchester  from  Lake  Thirlmerc. 
Unquestionably  it  is  better  to  obtain  pure  water  at  its  source  ;  but 
what  it  will  cost  is  always  the  precedent  enquiry ;  and  it  may  be 
well  to  ask  whether  the  more  or  less  contaminated  water  of  our  rivers 
can  be  i)urified,  so  as  to  bo  made  really  potable. 

In  1883  our  Members  were  invited,  on  the  occasion  of  our 
memorable  visit  to  Belgium,  to  see  an  attempt  there  in  progress  to 
accorai^lish  the  purification  of  the  water  for  the  supply  of  Antwerp. 
Few  I  fear  were  able  to  avail  themselves  of  the  opportunity  thus 
afforded  to  see  the  attempted  application  on  a  large  scale  of  Professor 
Bischof's  system  of  purification  by  means  of  spongy  iron,  which 
has  been  worked  out  so  successfully  on  the  small  scale  of  domestic 
filters.  Though  correct  in  principle,  the  application  of  the  spongy  iron 
over  large  areas  led  after  some  months  to  the  obstruction  of  the  filter 
beds,  and  would  have  compelled  the  abandonment  of  the  system,  had 
it  not  been  for  the  bold  and  radical  change  which,  it  occurred  to  our 
Vice-President,  Mr,  William  Anderson,  to  introduce.  The  spongy 
iron  was  removed  from  the  filter  beds,  and  the  reservoirs  containing 
it  were  transformed  into  sand  filter  beds,  on  which  oxide  of  iron 
speedily  forms  and  plays  an  important  part  in  the  purification  of 
the  water  j)assing  through  it.  Sir  Frederick  Abel  aj)pears  to  have 
suggested  the  application  of  ordinary  metallic  instead  of  spongy  iron  ; 
and  Mr.  Anderson  seems  to  have  worked  out  the  idea  most  successfully 
in  his  application  of  what  is  known  as  the  revolving  iron  purifier, 
which  has  now  been  in  operation  for  over  three  years  at  Antwerp. 
On  the  authority  of  Professor  Ad.  Kemna,  who  was  appointed 
chemist  to  the  waterworks,  I  am  able  to  state  that  so  complete  is  the 
satisfaction  given  that  similar  means  are  now  in  operation  at  Gouda 
and  Dordrecht  in  Holland,  and  at  the  establishment  Gail,  Quai  de 
Grenelle,  in  Paris.  Experiments  ou  a  largo  scale  have  been  made 
at  Ostend,  Berlin,  aud  in  London.  In  view  of  the  success  attained 
in  purifying  the  water  supi^lied  to    Antwerp,    Professor  Kemna  is 


May  18S9.  PRESIDENT'S   ADDRESS.  225 

hopeful  that  by  the  employment  of  those  revolving  cylinders  it 
will  be  possible  to  render  inodorous  the  effluents  of  the  sewers,  and 
thereby  make  tbem  sufliciently  pure  to  deliver  into  streams  or  rivers 
■without  serious  consequences.  On  the  authority  of  Mr.  Anderson, 
I  learn  that  the  system  is  to  be  applied  at  Baroda  in  India,  and  that 
the  municipality  of  Agra  has  adopted  it  for  purifying  the  waters  of 
the  Jumna,  and  that  the  town  of  Libourne  in  France  is  also  applying 
it.  It  is  an  interesting  circumstance  in  connection  with  the  purity 
of  tlie  water  now  obtainable  at  Antwerp,  that  some  of  the  steamers 
'  sailing  thence  to  New  York  take  in  a  supply  for  the  double  voyage, 
in  preference  to  refilling  from  the  Croton  aqueduct  at  New  York  for 
the  return  voyage. 

In  Blast-Furnace  practice  mention  should  be  made  of  the 
development  whicb  has  taken  place  in  the  now  almost  universal 
adoption  of  fire-brick  stoves,  and  with  them  the  application  of  such 
high  temperatures  of  blast  to  the  smelting  of  pig  iron  as  are 
impossible  of  attainment  by  the  use  of  cast-iron  stoves.  Economies 
have  thus  been  realised  of  3  to  4  cwts.  of  coke  per  ton  of  iron, 
according  to  the  less  or  more  favourable  conditions  under  which  the 
furnaces  were  working  ;  w'hilst,  by  the  substitution  of  lime  as  a 
flux,  instead  of  limestone,  economies  of  2  to  3^  cwts.  have  been 
rendered  possible,  according  to  the  circumstances  of  its  employment. 
In  American  blast-furnace  practice  the  combined  application  of  high 
temperature  and  pressure  of  blast,  the  latter  reaching  9  to  10  lbs. 
on  the  square  inch,  has  enabled  our  American  cousins  to  outstrip  us 
in  the  magnitude  of  their  outjDuts  of  pig  iron,  which  in  the  case  of 
the  celebrated  Edgar  Thomson  furnace  P  has  exceeded  1,900  tons 
in  a  single  week  with  an  ore  containing  GO  per  cent,  of  iron. 

In  this  connection  may  be  named  the  enormous  progress  which 
has  been  made  in  the  manufacture  of  iron  since  the  days  when  Lord 
Sheffield  in  1786  commented  in  the  following  terms  upon  the  erection 
by  the  Eurl  of  Dundouald  near  the  Calcuts  on  the  river  Severn  of  a 
row  of  stew-coal  ovens  (see  John  Eandall's  '  The  Severn  Valley,' 
page  317)  : — "  If  Mr.  Cort's  ingenious  improvements  in  the  art  of 
making  and  working  iron,  the  steam  engine   of  Boulton  and  Watt, 
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and  Lore!  Diuulonald's  discovery  of  making  coke  at  half  tlio  preseni 
price,  should  all  succeed,  it  is  not  certainly  too  much  to  say  that 
the  result  will  be  more  advantageous  to  Great  Britain  than  the 
possession  of  the  thirteen  colonies;  for  it  will  give  the  complete 
command  of  the  iron  trade  to  this  country,  with  its  vast  advantages 
to  navigation."  The  object  of  Lord  Duudonald  was  not  only  to 
cheapen  tlie  cost  of  coke,  but  also  to  obtain  tar  for  the  navy ;  and 
this  he  did  by  condensing  it  in  chambers  cooled  by  water.  Every  one 
knows  how  since  then  the  tar  has  been  made  the  source  of  many  and 
valuable  by-products,  and  how  various  systems  of  coking  have  been 
introduced,  having  special  reference  to  larger  output  of  coke  and 
greater  economy  of  the  products  of  distillation.  Where  the  latter 
are  not  sought  for,  as  in  the  large  coking  collieries  of  the  North  of 
England,  the  old  bee-hive  oven  of  10  to  11  feet  diameter  still  retains 
the  ascendency ;  and  I  know  of  no  greater  improvement  than  that  of 
the  introduction  of  heated  air  into  the  body  of  the  gases  as  they  are 
evolved  from  the  coking  mass. 

As  a  further  contrast  between  the  state  of  things  in  178G  and 
1889  may  be  mentioned  the  difficulty  Boulton  and  Watt  had  to 
obtain  a  cylinder  bored  out  truly.  In  their  dilemma  Mr.  Watt 
sought  an  interview  with  Mr.  Wilkinson  of  Broseley,  who  had 
acquired  such  proficiency  in  the  joint  art  of  founding  and  boring 
cylinders  truly  that  Messrs.  Boulton  and  Watt  were  induced  to  place 
an  order  with  him  to  cast  and  bore  a  dozen  cylinders  of  diameters 
varying  from  12  inches  to  50  inches,  and  a  like  number  of 
condensers  of  suitable  sizes,  the  latter  to  be  sent  to  Soho  to  be 
kept  ready  fitted  up,  so  that  an  engine  could  be  turned  out  of  hand 
in  two  or  three  weeks :  Mr.  Boulton's  ideal  of  work  at  that  time 
being  to  turn  out  twelve  to  fifteen  reciprocating  and  fifty  rotary 
engines  per  annum.  Nowadays  Messrs.  Baldwin  and  Co.  of 
Philadelphia  turned  out  from  their  works  during  the  past  year 
no  less  than  737  locomotives. 

Another  point  of  improvement  which  must  certainly  not  be 
passed  by  unnoticed  is  the  recognition  by  engineers  generally  of  the 
sufficiency  of  hot-blast  iron  to  meet  most  of  the  demands  where 
cast  iron  is  usually  employed.     There   is   a  point  however  which 
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engineers  ouglit  to  take  into  tlieir  serious  consitleration  in  the 
employment  of  cast  iron,  and  wbicli  at  present  is  occasionally 
ignored.  I  refer  to  the  impossibility  of  running  a  small  tMn  casting 
with  the  same  metal  which  is  proper  for  a  larger  casting.  Although 
made  from  identically  the  same  materials,  the  lower  numbers  or 
grades  of  pig  iron  are  weaker  than  the  higher  numbers,  and  it  is  out 
of  the  lower  or  grayer  numbers  that  small  articles  must  be  cast. 
Again  in  proving  cast-iron  pipes,  the  stipulation  that,  when  under 
pressure,  they  are  to  be  struck  with  a  hammer  possibly  of  5  lbs, 
weight,  without  reference  to  the  force  of  the  blow,  raises  a  serious 
doubt  about  the  damage  a  pipe  sometimes  sustains  by  the  extra  force 
employed  beyond  that  needed  to  throw  it  into  the  requisite  vibration. 
Where  the  blow  struck  is  too  violent,  it  by  no  means  follows  that  the 
pipe  will  yield  to  the  extent  of  bursting  ;  but  it  will  become  starred 
or  cracked  on  the  inside,  at  the  point  at  which  the  blow  has  been 
struck,  and  to  that  extent  the  material  has  suffered  permanent  injury. 
The  real  test  should  be  the  pressure  from  within,  supplemented  by 
such  a  blow  on  the  pipe  as  shall  not  endanger  the  integrity  of  the 
sound  metal,  but  sufficient  at  the  same  time  to  ensure  that  any 
existing  flaw  or  defect  shall  be  immediately  revealed.  In  the  testing 
of  ^\TOUght  iron  it  has  long  been  recognised  that  for  permanent 
structures  no  metal  in  its  proof  should  be  strained  to  such  a  degree 
as  to  produce  a  permanent  set ;  and  the  same  principle  seems  to 
admit  of  ready  application  to  cast  iron  as  well. 

It  is  perhaps  not  out  of  place  here  to  refer  to  the  recent  progress 
made  in  the  preparation  of  Aluminiiuu,  and  the  attempts  to  employ 
it  in  alloy  with  the  more  infusible  descriptions  of  iron.  The  presence 
of  one  part  of  aluminium  in  eight  hundred  parts  of  steel  appears  on 
the  authority  of  Admiral  Kolokoltzoff,  the  director  of  the  gun  factory 
at  St.  Petersburg,  to  set  the  steel  entirely  free  from  air  bubbles,  as 
the  simple  outcome  of  lowering  its  melting  point.  In  the  preparation 
of  the  celebrated  mitis  castings,  Mr.  Nordenfelt  appears  in  like 
manner  by  the  employment  of  l-2,000th  to  l-700th  part  of  aluminium 
to  have  succeeded  in  lowering  the  melting  point  of  nearly  j)ure  iron 
so  as  to  enable  it  to  be  run  into  monlds. 
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Oue  more  point  to  wliicli  the  attention  of  mecliauical  engineers 
sliouW  be  clirecteLl  is  tlic  superfluous  insertion  in  speeillcations,  not 
only  of  the  conditions  to  be  complied  with,  but  also  of  tlie  means  by 
wbicli  those  conditions  are  to  be  attained.  The  two  stii)ulations  are 
sometimes  incomi)atibIe  witb  eacli  other ;  and,  even  if  only  in  a 
minor  degree,  mechanical  engineers  would  save  themselves  much 
trouble,  were  they  simply  to  imjiose  their  conditions,  and  to  insist  on 
these  and  these  alone  being  carried  out,  irrespective  of  the  means 
by  which  they  shall  be  faithfully  fulfilled.  Perhaps  some  one  will 
remember  to  have  seen  the  condition  imposed  that  test  bars  3  ft.  x 
2  ins.  X  1  inch  shall  stand  a  certain  weight,  when  the  real  meaning 
is  that  they  shall  not  break  with  less  than  that  weight.  I  crave  the 
indulgence  of  the  Members  if  it  seem  hypercritical  to  call  attention 
to  such  defects ;  but  it  will  be  obvious  that  to  stand  a  certain  weight 
may  mean  something  very  different  from  the  condition  of  not 
breaking  with  less  than  that  weight. 

In  the  improvements  made  in  Testing  all  kinds  of  iron,  the 
progress  during  the  last  few  years  has  been  great ;  and  it  is  to  be 
hoped  that  the  existence  of  reliable  machines  will  lead  engineers  to 
be  content  with  their  records,  rather  than  return  to  the  old  system 
of  dead  weights,  which  are  so  cumbersome  to  move  and  so  difficult 
to  handle  with  safety.  In  Wicksteed's  machine  we  have  seen  a  fine 
example  of  the  application  of  enormous  power  by  single  leverage 
(Proceedings  1882,  page  384).  In  Emery's  we  have  seen  the  power 
applied  by  fluid  pressure  in  a  thin  film,  and  that  power  measured  in 
the  most  delicate  balance,  detailed  descriptions  of  which  have  been 
recently  given  to  the  Institution,  and  are  recorded  in  our  transactions 
(Proceedings  1888,  pages  206  and  448).  In  the  application  of 
hydraulic  pressure  as  formerly  employed  for  fracturing  wrought 
iron,  the  method  of  measuring  the  force  was  by  the  emi^loyment 
of  a  plunger  and  lever,  the  friction  on  which  was  so  great 
as  to  lead  engineers  to  specify  as  high  a  breaking  strain  per 
square  inch  of  metal  as  24  tons.  When  the  fluid  pressure  was 
measured  by  a  more  delicate  instrument,  it  was  found  that  instead 
of  the  iron  being  really  able  to  carry  24  tons  it  could  carry  only 
22  tons. 
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The  uext  point  to  wliicli  I  would  direct  your  attention  is  the 
Deterioration  to  which  wrought  iron  is  exposed  when  subject  to  the 
influence  of  rain  water :  as  exhibited  in  bridges  constructed  over  the 
Thames,  the  waste  being  aggravated  doubtless  by  the  acid  condition 
of  the  atmosphere,  due  to  the  presence  of  sulphurous  acid  from  coal 
us  well  as  to  the  customary  percentage  of  carbonic  acid.  In  the 
course  of  five-and-twenty  years  bolts  have  been  eaten  away  from  a 
former  diameter  of  seven-eighths  of  an  inch  to  half  an  inch 
diameter,  being  a  reduction  in  area  of  67  per  cent,,  and  this  in  a 
portion  of  the  structure  where  the  brackets  of  an  overhanging 
footpath  were  supported  in  j)art  by  the  decaying  bolts.  In  like 
manner  bolts  originally  five-eighths  of  an  inch  diameter,  which 
supported  overhanging  ornamental  work,  have  been  corroded  down 
to  a  diameter  of  five-sixteenths,  with  a  loss  of  75  j)er  cent,  of  their 
strength.  Wherever  the  rain  trickled  over  the  face  of  the  girders  to 
which  the  brackets  were  attached,  the  same  evidence  of  deterioration 
was  manifested  in  the  scaling  of  the  plates  :  j)ointing  to  the  necessity 
both  of  preventing  water  from  coming  into  contact  with  wrought 
iron,  and  of  periodically  examining  structures  of  wrought  iron,  and 
l^ainting  as  often  as  required.  Many  years  ago  Sir  John  Hawkshaw 
pointed  out,  and  warned  the  public  against,  the  inevitable  deterioration 
of  iron  telegraph  wires  in  a  London  atmosphere. 

Another  illustration  of  insidious  destruction  of  iron  may  be  cited 
in  the  case  of  a  wire  roj^e  at  a  colliery,  kej)t  in  reserve  to  wind  men 
up  and  down  the  shaft  in  case  of  ropes  breaking  or  of  other  accident 
jireventing  use  of  the  winding  shaft.  "Whilst at  rest  the  "  emergency" 
rope  was  subject  to  the  drij)  of  rain  at  the  same  spot  for  some  years 
from  the  roof  of  the  engine-house.  External  examination  was  strict, 
and  the  rope  was  regularly  greased  as  is  customary.  At  length  a 
man  riding  up  the  shaft  was  killed  by  the  breakage  of  the  rope  at 
the  point  exposed  to  the  rain  drij);  and  the  wires  internally  were  found 
to  have  been  corroded  to  the  extent  of  drawn-out  needle-points. 

It  may  not  be  out  of  place  to  refer  to  the  danger  of  decay  to 
wood,  under  the  somewhat  exceptional  circumstance  of  forming  the 
dry  portion  of  a  set  of  lifting  spears  in  a  pumping  shaft,  in  which 
a  slight  escape  of  steam  arose  from  the  leakage  of  the  joints  of  a 
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steam  main.  Tho  siicar  was  of  pitch  pine,  12  inches  square,  and 
liad  been  in  use  seven  years,  when  it  suddenly  gave  way  in  a  manner 
which  indicated  that  tho  wood  had  rotted  under  the  influence  of  a 
moist  atmosphere,  and  of  condensation  of  moisture  within  the  limits  of 
the  joint  of  tlio  spear  rods,  whicli  were  scarfed  and  bolted  together 
with  covering  plates  of  wrought  iron.  The  scarf  joint  was  rotten 
on  both  faces  ;  and  the  case  points  to  tho  absolute  necessity  of  a 
periodical  examination  of  dry  spears,  by  the  removal  of  the  spear 
plates  and  careful  inspection  of  the  joints,  as  well  as  to  Hhe 
desirability  of  avoiding  the  use  of  steam  pipes,  unless  well  boxed  ofi", 
in  a  shaft  where  dry  spears  are  in  use. 

Although  in  our  papers  and  discussions  no  reference  is  permitted 
to  the  merits  of  any  particular  patent,  it  occurs  to  me  that  mechanical 
engineers  are  deeply  interested  as  a  body  in  the  character  of  the 
laws  by  which  their  inventions  may  be  j)rotected.  In  this  respect 
the  system  adopted  in  the  United  States  seems  to  possess  decided 
advantages  over  that  adojited  by  Great  Britain,  where  it  is  possible, 
nay  easy,  to  take  out  a  patent  for  a  prior  invention,  because  there  is 
no  such  care  exercised  here  as  in  the  United  States  to  see  that  no 
similar  invention  has  been  introduced  previously.  They  make  it  a 
duty  to  enter  upon  a  rigid  search  before  j)ermitting  the  patent  to  be 
filed.  Here  we  must  direct  the  patent  agent  to  make  the  search, 
sometimes  at  considerable  cost,  before  the  applicant  can  know 
that  he  is  not  guilty  of  "inventing"  over  again  what  some  one  has 
already  invented.  In  this  respect  I  think  we  should  welcome  some 
improvement  in  our  system,  which,  if  it  somewhat  curtailed  the 
business  of  the  agent,  would  have  the  advantage  of  preventing  a 
largo  amount  of  superfluous  work  in  the  patent  office,  and  saving 
considerable  disappointment  to  the  public. 

If  I  trouble  you  with  a  reference  to  the  subject  of  Agriculture, 
it  is  not  with  a  view  to  draw  your  attention  to  the  wonderful 
developments  of  the  agricultural  implements  with  which  the 
tilling  of  the  soil  and  the  gathering  in  of  the  crops  have  been 
made  so  easy  in   comparison  with    the   old   method  when  "  Adam 
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delved  and  Eve  span ; "  but  to  call  attention  to  the  larger 
application  of  siicli  machinery  to  the  object  of  converting  arable 
1-and  into  pasture  and  old  pasture  into  arable.  The  laws  of  the 
country  arc  still  prejudiced  in  favour  of  retaining  old  pasture, 
and  on  no  account  of  permitting  it  to  be  broken  up :  so  that  we 
persistently  refuse  to  recognize  the  teeming  wealth  which  lies 
beneath  such  old  pastures,  into  the  soil  of  which  the  roots  of  the 
grasses  do  not  descend  more  than  four  or  five  inches,  whilst  the  roots 
of  cereals  descend  to  dej)ths  of  eighteen  inches  or  more,  according 
as  the  breaking  up  will  permit.  The  work  of  converting  old 
pasture  into  arable  is  easy,  if  the  plough  alone  be  used  ;  but  it  has 
not  been  generally  recognized  that  in  three  or  four  years  the  arable 
can  be  converted  into  valuable  pasture  by  the  removal  of  the  grass 
from  the  old  pasture,  laying  it  in  strips  upon  the  arable  with  narrow 
intervals  between,  over  which,  by  what  is  called  the  process  of 
inoculation,  the  grass  spreads,  and  by  the  aid  of  suitable  rollers  is 
slowly  but  surely  consolidated.  At  present  the  cost  of  removing 
the  turf  by  hand  is  a  serious  impediment ;  but  when  once  the 
principle  is  recognized  by  our  legislature,  a  new  field  is  open  for 
the  application  of  machinery  in  the  shape  of  an  improved  skim- 
plough  with  apj)liances  for  rolling  up  the  turf  as  cut,  so  as  to 
simplify  the  whole  process,  and  so  that  the  soil  below  the  turf  shall 
be  afterwards  broken  up  without  destroying  the  turf  itself. 

From  various  allusions  in  this  Address  it  will  be  seen  how 
intimately  bound  up  are  the  interests  of  mechanical  engineers  with 
•  an  enlightened  legislative  policy ;  and  it  behoves  all  of  us  to  see 
that  lingering  prejudices  shall  be  removed  where  they  exist,  and  a 
fuller  develoi^ment  of  mechanical  engineering  be  thereby  rendered 
practicable  both  at  home  and  abroad. 


232  puesiuent's  address.  May  iHhu. 


Mr,  Edwabd  H.  Carbutt,  Past-PresicTent,  was  sure  tlic  Members 
would  all  desire  to  join  in  a  hearty  vote  of  thanks  to  the  President 
for  his  Address.  It  was  not  usual  to  discuss  the  presidential  address, 
and  Mr.  Cochrane  in  his  modesty  had  given  that  as  one  of  the  reasons 
why  he  had  written  it.  From  the  acclamation  of  the  Members  it  was 
evident  that  they  had  greatly  enjoyed  it,  and  that  it  had  given  them 
something  to  think  about.  The  President  had  taken  a  line  of  his 
own ;  he  had  not  followed  the  usual  practice,  but  had  taken  up  a 
number  of  subjects  not  usually  thought  about,  the  consideration 
of  which  would  bear  fruit  in  the  future.  He  had  said  that  he 
had  roamed  all  over  the  world  for  his  information,  and  those  who 
had  followed  his  address  would  agree  that  he  had  done  so.  He 
was  glad  to  hear  so  much  about  Mexico  in  the  address,  because 
he  had  himself  just  returned  from  that  country,  and  could  fully 
confirm  what  the  President  had  said,  that  Mexico  was  developing 
at  a  very  rapid  rate  and  was  a  good  field  for  engineers.  Had 
discussion  been  allowed,  the  question  of  the  goverument  finding 
money  for  canals  might  perhaps  have  been  strongly  debated.  Without 
entering  therefore  into  that  subject,  he  would  move  a  hearty  vote  of 
thanks  to  the  President  for  the  trouble  he  had  taken  in  getting  together 
all  the  information  which  he  had  brought  before  the  Institution,  and 
for  his  assui'ance  that  there  was  work  for  all  the  engineers  throughout 
the  country  for  many  years  to  come.  The  mere  fact  that  railways 
were  increasing  at  so  rapid  a  rate  as  17,000  miles  a  year  showed  that 
there  was  plenty  of  work  for  engineers  to  do.  "With  reference  to  the 
sanitary  subjects  to  which  the  President  had  alluded,  every  one  must 
wish  success  for  all  efforts  towards  obtaining  the  clear  atmosphere 
and  clear  water  after  which  the  address  aspired ;  and  he  hoped 
engineers  would  devote  their  attention  to  carrying  out  what  the 
President  had  indicated  in  that  direction. 

Mr.  Daniel  Adamson,  Vice-President,  said  if  anything  further 
had  been  needed  to  commend  the  vote  of  thanks  for  the  President's 
admirable  address  he  might  have  been  induced  to  make  a  speech. 


May  1880.  PKESIBENt's    ADDIIESS.  233 

As  it  was,  he  would  do  no  more  than  refer  to  tlie  important  subject 
of  underground  haulage  for  tramcars,  to  which  he  was  glad  that 
attention  had  been  called.  When  they  visited  Edinburgh  a  year  or 
two  ago,  many  of  the  Members  had  the  opportunity  of  seeing  the 
tramcars  there  rimning  with  underground  rope  traction  ;  and 
for  hilly  districts  it  appeared  to  him  that  the  i)lan  was  highly 
advantageous.  Eather  than  attempt  to  criticise,  he  preferred  to 
express  his  approval  of  the  address,  in  which  there  was  so  much  that 
Avas  deserviag  of  approbation.  They  were  all  much  indebted  to  the 
President  for  the  wide  field  over  which  he  had  roamed,  and  for  the 
clear  way  in  which  he  had  brought  the  different  subjects  before  them. 
They  would  all,  as  Mr.  Carbutt  had  said,  remember  the  address  with 
pleasure,  and  would  ponder  over  it  with  advantage  to  themselves  and 
to  the  Institution.  It  had  laid  a  foundation  for  a  further  extension  of 
knowledge,  and  would  be  an  example  to  those  who  might  endeavour 
to  enlighten  the  Members  on  some  future  similar  occasions.  He  had 
great  pleasure  in  seconding  the  motion  that  their  best  thanks  be 
given  to  the  President  for  his  admirable  address ;  and  he  was  sure 
they  would  all  loyally  support  him  during  his  j)residential  reign, 
because  he  had  begun  so  well  and  interested  them  much. 

The  vote  of  thanks  was  passed  with  acclamation. 

The  President  felt  that  the  vote  of  thanks  should  be  given 
through  him  to  the  many  friends  who  had  helped  him  to  brin"- 
before  the  Members  the  information  contained  in  his  address.  He 
could  not  have  done  it  without  the  generous  help  which  he  received 
from  many  gentlemen,  too  numerous  to  mention,  on  both  sides  of  the 
Atlantic.  The  Pullman  Palace  Car  Company  had  been  good  enough 
to  write  to  him  on  the  subject  of  their  arrangements,  and  many 
gentlemen  in  this  country  had  also  assisted  him  ;  he  had  already 
mentioned  the  name  of  Mr.  Marshall,  from  whom  he  had  received 
some  valuable  hints.  He  was  thankful  to  have  been  able  to  compile 
his  address,  and  to  put  forward  his  own  views,  in  such  a  way  as  to 
receive  the  expression  of  the  approval  of  the  Members.  With  regard 
to  the  debatable  nature  of  any  of  his  opinions,  he  had  endeavoured 
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to  express  them  tentatively  and  interrogatively  ratlier  than  in  any 
tone  of  dictation,  but  none  the  less  with  a  conviction  tliat  something 
ought  to  be  done.  He  was  much  gratified  by  the  kind  manner  in 
which  the  address  had  been  received. 
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REPORT  UPON  TRIALS  OF  THE  S.S.  "  METEOR." 


By  Professor  ALEXANDER  B.  W.  KENNEDY,  F.R.S.,  aiairman. 

Steamer. — ^Tlie  S.S.  "Meteor"  is  a  steamer  belonging  to  the 
London  and  Edinburgh  Shipping  Company,  and  permission  to  test 
her  engines  was  most  kindly  given  to  the  Committee  by  Mr.  Thomas 
Aitken,  the  manager  of  the  company,  who  with  his  staff  and  all  the 
officials  on  board  the  ship  have  done  their  utmost  to  facilitate 
the  work  of  the  trial.  The  "Meteor"  is  a  vessel  261  feet  in 
length  between  perpendiculars,  32-1  feet  in  breadth,  and  19-3  feet 
in  depth  moulded.  Her  registered  tonnage  is  692  and  gross  tonnage 
1,223,  under  deck  958  tons.  Her  displacement  on  the  day  of  the 
trial,  when  the  mean  draft  was  15  feet  1^  inch,  was  2,090  tons. 

Engines. — She  is  fitted  with  triple-expansion  engines,  made  by 
Messrs.  J.  and  G.  Thomson  of  Clydebank,  Glasgow.  The  high- 
pressure  cylinder,  originally  29  inches  diameter,  has  been  rebored 
to  29f  inches  diameter,  the  intermediate  cylinder  is  44  inches 
diameter,  and  the  low-pressure  70  inches;  the  stroke  of  all  three 
cylinders  is  4  feet.  The  piston-rods  are  all  7  inches  diameter ; 
the  tail  rod  of  the  high-pressure  cylinder  is  4*45  inches  diameter, 
and  the  tail  rods  of  the  other  two  cylinders  4 '  37  inches  diameter. 
These  rods  have  been  measured ;  and  the  stroke  of  the  engine  has 
also  been  measured,  and  found  to  be  exactly  47  •  94  inches,  instead 
of  48.  There  has  been  no  opportunity  of  measuring  the  diameters 
of  the  cylinders.* 

The  three  cranks  are  spaced  at  equal  angles  apart,  and  follow 
in  the  order — high,  intermediate,  low. 

*  The  cylinder  diameters  have  since  been  measured,  and  have  been  found  to 
be  as  follows: — high-pressure  29|  inches, 'as  given  above;  intermediate  44 '03 
inches,  that  is  l-i>2nd  inch  larger  than  above;  low-pressure  70*12  inches,  that  is 
l-8th  inch  larger  than  above. 
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Tlie  cylinders  arc  made  witli  separate  liners,  and  are  jacketed  at 
the  sides  but  not  at  the  ends.  The  net  length  of  the  jacketed  space 
is  about  4  feet.  Live  steam  is  admitted  separately  to  each  of  the 
jackets,  each  having  its  own  reducing  valve.  The  jackets  are  drained 
through  pockets  provided  with  gauge  glasses,  and  during  the  trial 
water  was  always  kept  visible  in  these  gauges.  The  clearances  of 
the  high-pressure,  intermediate,  and  low-pressure  cylinders  arc  given 
by  the  makers  as  12  "4,  9  "3,  and  8*02  per  cent,  respectively. 

Each  cylinder  is  provided  with  a  piston-valve  or  valves,  single 
for  the  high-pressure  cylinder,  and  double  for  each  of  the  others. 
The  valve  gear  is  the  ordinary  link-motion,  and  during  the  trial  the 
high-pressure  motion  was  linked  up  as  much  as  possible,  giving  a 
nominal  cut-off  of  26  inches ;  the  intermediate  and  low-pressure 
motions  were  not  linked  uj).  The  valve  gear  was  left  untouched 
during  the  whole  of  the  trial.  The  surface  condenser  has  3,200 
square  feet  of  condensing  surface.  The  screw  propeller  is  four 
bladed,  having  a  diameter  of  14  feet  10  inches,  and  a  mean  pitch 
of  23  feet.  The  actual  area  of  the  blades  is  78  square  feet,  and 
the  projected  area  57  •  6  square  feet. 

The  engines  had  been  overhauled  last  at  the  annual  survey, 
which  took  place  March  1  to  14,  1888. 

Boilers. — The  boilers  are  two  in  number,  each  double-ended, 
the  total  number  of  furnaces  being  twelve.  They  are  of  steel, 
with  Fox's  corrugated  flues,  and  have  a  diameter  of  13  feet  6  inches 
and  a  length  of  16  feet.  The  total  grate  surface  in  the  trial  was 
208  square  feet,  and  the  total  tube  surface  5,760  square  feet,  the 
ratio  between  the  two  being  1  to  27-7.  The  total  heating  surface 
is  6,648  square  feet,  or  32  times  the  grate  surface.  The  means 
diameter  of  the  flues  is  8  feet  3  inches.  The  firebars  are  of 
ordinary  description,  3  feet  long,  1  inch  broad  at  top  in  body,  and 
about  1^  inch  at  the  ends,  the  air  spaces  being  thus  about  ^  inch 
wide.  There  are  25  bars  in  the  width  of  each  furnace,  and  therefore 
50  bars  in  each  grate,  which  is  6  feet  long.  There  is  no  air  admission 
at  the  bridge  or  anywhere  except  from  the  front  and  from  below  the 
bars.  The  tubes  are  2^  inches  external  diameter  and  6  feet  4^  inches 
long.     The  furnaces  and  tubes  oj)en  out  into  a  common  combustion 
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chamber.  The  two  boilers  have  one  chimney  in  common,  whose 
internal  diameter  is  7  feet  3  inches ;  the  external  diameter  of  the 
outer  chimney  is  8  feet  3h  inches.  The  chimney  has  a  total  height 
of  61  feet  above  the  centre  of  the  lowest  furnace. 

The  total  weight  of  the  engines  and  boilers,  including  water  in 
condenser,  pipes,  and  boilers,  and  also  spare  gear  is  390^  tons. 

Object  of  Trial. — The  object  of  the  trial  was  to  measure  the  coal, 
water,  and  indicated  horse-power,  as  accurately  as  possible,  and  over 
as  long  a  period  as  possible. 

Coal  Measurement. — For  weighing  the  coal,  a  spring  balance  was 
used  in  each  stoke-hole.  From  the  spring  balance  was  suspended  a 
large  basket  holding  about  140  lbs.  of  coal ;  this  being  filled  was 
hoisted  by  tackle,  its  weight  noted,  and  the  coal  then  thrown  upon 
the  stoke-hole  floor.  About  six  baskets  were  filled  and  emptied  as 
rapidly  as  possible  one  after  the  other,  first  on  the  starboard  side 
and  then  on  the  port  side  of  the  stoke-hole  floor,  giving  thus  two 
weighed  heaps  of  about  800  lbs.  of  coal  each.  The  time  at  which 
each  heap  was  finished  (that  is,  completely  put  on  the  fires)  was 
noted,  and  no  more  coal  was  weighed  out  until  the  floor  was  clear. 
A  continuous  record  of  coal  thrown  on  the  fires  was  thus  kept, 
which  plots  out  into  the  line  of  coal  consumption  shown  upon  the 
diagram,  Fig.  1,  Plate  45.  The  fires  were  not  cleaned  during  the  run, 
but  the  cleaning  commenced  when  the  trial  was  over,  and  the  ashes 
and  clinkers  were  weighed  before  being  thrown  overboard.  The  coal 
was  Scotch  from  the  Shawfield  pit  in  the  Wishaw  district,  its 
price  at  Leith  being  7s.  6d.  per  ton.  It  has  been  analysed  and  its 
calorimetric  value  determined  by  Mr.  C.  J.  Wilson,  F.C.S.,  of 
University  College,  London,  with  the  following  results : — 


Carbon 

70-31  per  cent 

Hydrogen 

4-88     „     „ 

AVater  . 

. 

10-68     „     „ 

Ash      . 

.... 

3-4G     „      „ 

Nitrogen, 

Sulpliur,  and  Oxygen 

10-G7     „      „ 

100-00 
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These  figures  arc  the  mean  of  two  almost  identical  analyses. 
Eeducing  the  hydrogen  to  the  corresponding  value  of  carbon,  each 
pound  of  coal,  not  allowing  of  course  fur  the  had  lumps  which  formed 
the  greater  part  of  the  cliiiker,  is  thus  equivalent  to  0*878  lb.  of 
carbon,  and  its  calorific  value  may  be  taken  as  12,790  thermal  units. 

Furnace  Gases. — The  temperature  of  the  gases  passing  up  .the 
chimney  was  observed  at  intervals  throughout  the  trial,  the 
thermometer  used  being  placed  at  the  level  of  the  upper  deck,  or 
about  12  feet  above  the  top  of  the  boiler.  The  thermometer  was 
long  enough  to  reach  over  2  feet  into  the  chimney.  It  was  a 
mercury  thermometer  having  the  space  above  the  mercury  filled 
with  compressed  nitrogen,  so  as  to  enable  it  to  give  readings  far 
above  the  ordinary  boiling  point  of  mercury. 

Samples  of  the  gases  from  the  chimney  were  collected  during  the 
trial,  and  placed  in  sealed  bottles  over  mercury.  Unfortunately 
however  all  the  samples  taken  except  one  were  spoilt  before  they 
reached  the  laboratory  for  analysis.  The  analysis  of  this  sample 
has  been  made  by  Mr.  C.  J.  Wilson,  and  is  given  later  on  (page  241). 

The  chimney  draft  was  measured  by  a  U  gauge  at  the  place 
where  the  furnace  gases  were  collected. 

Feed  Water  Measurement. — The  feed  water  was  measured  on  its 
way  from  the  hot-well  to  the  feed  pump,  the  latter  being  a 
Worthington  pump  entirely  separate  from  the  engine.  A  4-inch 
pipe  was  connected  with  the  hot-well,  and  terminated  in  a  4-inch 
two-way  cock,  by  means  of  which  the  discharge  could  be  turned  into 
either  one  of  two  measuring  tanks.  At  the  bottom  these  tanks  were 
connected  to  another  4-inch  two-way  cock,  through  which  the  feed 
pump  could  be  made  to  draw  from  either  of  them.  The  tanks  were 
so  tilted  that  one  corner  was  lower  and  another  corner  higher  than 
all  the  rest,  so  as  to  render  th«ir  filling  and  emptying  more  certain. 
They  were  fitted  with  glass  water-gauges  and  with  relief  pipes. 
The  method  of  operation  was  as  follows.  The  hot-well  discharge 
— which  contained  the  condensed  steam  passing  through  the 
cylinders,  the  jacket  condensation,   and  also   the   steam   used    for 
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heating  the  feed  water,  as  well  as  the  other  quantities  mentioned  in 
the  next  paragraph — was  allowed  always  to  run  into  one  or  the  other 
tank,  and  filled  each  one  up  in  turn  in  about  34^  minutes.  By  means 
of  the  lower  cock  the  feed  pump  was  put  into  connection  with  the 
tank  into  which  the  hot-well  was  not  discharging,  and  emptied  it  in 
about  2^  minutes.  For  each  tankful  there  was  therefore  about  one 
spare  minute  in  which  to  ensure  its  complete  emptiness  or  fullness 
and  to  note  the  temperatures  &c.  During  this  time  the  feed  pump 
had  to  be  stopped,  being  started  again  directly  the  next  tank  was  full. 
After  the  trial  the  tanks  were  re-erected  with  all  tbeir  connections 
at  University  College,  London,  and  water  carefully  weighed  into 
them.  It  was  found  that  one  held  1,808  lbs.  and  the  otber  1,785  lbs. 
of  water  at  62^  Fahr. ;  and  also  that  the  probable  error  of  the  filling 
and  emptying  as  carried  out  on  the  trial  was  not  more  than  2  lbs.  in 
each  tank,  and  was  equally  likely  to  be  ^lus  or  minus.  It  seems 
therefore  that  the  method  of  water  measurement  used,  although  very 
laborious,  must  have  given  very  closely  accurate  results.  A  more 
elaborate  system  with  storage  tanks,  which  was  preferred  by  the 
Committee,  could  not  be  carried  out  for  want  of  room  on  the  vessel. 
The  temperature  of  each  tank  was  taken,  so  that  a  very  good  average 
value  of  the  feed-water  temperature  was  obtained. 

The  steam  made  by  the  boilers,  corresponding  with  the  measured 
weight  of  the  water,  all  went  to  the  main  engine,  except  the  small 
quantity  required  to  drive  the  Worthingtou  pump,  which  may  be 
fairly  considered  comparable  with  the  quantity  required  for  the  feed 
l)ump  of  an  ordinary  engine.  The  circulating  pump,  the  dynamo 
engine,  the  winch  engines,  the  steering  engines,  &e,,  were  all  worked 
from  a  donkey  boiler,  which  was  specially  kept  going  for  that 
purpose.  The  exhaust  from  the  circulating-pump  engine  and  also 
that  from  the  dynamo  engine  were  both  taken  into  the  condenser, 
and  therefore  were  measured  through  the  feed  tank  on  their  way  to 
the  main  boilers.  These  additions  to  the  ordinary  air-pump  discharge 
more  than  made  up  for  the  various  losses  of  steam  through  the 
engine  :  so  that  from  time  to  time  part  of  the  hot-well  discharge  had 
to  be  thrown  away,  and  not  taken  to  the  main  boilers.  The  whole  of 
the  pipe  connections  between  tbe  boilers  and  engines,  which  were  of 


240  MARINE-ENGINE    TRIALS.  May  1889. 

very  great  complexity,  were  carefully  examined  before  the  trial,  to 
make  sure  that  no  unintended  communication  existed. 

Power  Measurement. — Indicator  diagrams  were  taken  at  half- 
hourly  intervals  throughout  the  whole  trial.  Six  Crosby  indicators 
were  used,  one  on  each  end  of  each  cylinder ;  the  connections  in  all 
cases  were  through  only  a  few  inches  of  large  pipe  having  in  no  case 
more  than  one  bend. 

The  revolutions  were  noted  half-houi-ly  on  the  counter,  all  the 
gauges  being  read  at  the  same  time. 

General  Conditions. — The  general  conditions  as  to  speed,  power, 
steam  pressure,  frequency  of  stoking,  and  so  on  were  all  those  of 
ordinary  working  on  a  southward  journey,  and  were  fixed  beforehand 
by  the  chief  engineer. 

Besults.- — The  results  are  shown  graphically  in  Plates  45  and  46, 
and  their  princijial  points  are  the  following  : — 

Duration  of  Trial. — The  trial,  which  was  made  on  a  voyage 
from  Leith  to  London,  commenced  at  1  .  30  a.m.  on  Sunday, 
24th  June,  and  ended  for  the  engines  at  6.36  p.m.  and  for 
the  boiler  at  6.39  p.m.  upon  the  same  day.  Its  duration  was 
therefore  17  hours  6  minutes  for  the  engines,  and  17  hours  9  minutes 
for  the  boilers.  This  small  difference  of  three  minutes  arises  from 
the  fact  that  the  signal  for  ending  the  engine  trial,  that  is  for  taking 
the  last  reading  of  the  counter,  was  given  three  minutes  before  the 
water  in  the  boiler  gauge-glass  reached  the  level  from  which  it  had 
started.     The  weather  was  fair  throughout. 

Fuel. — The  coal  used  in  the  after  stoke-hole  was  16,675  lbs.  upon 
the  starboard  side  and  16,831  lbs.  uj)on  the  port  side.  In  the 
forward  stoke-hole  these  amounts  were  respectively  18,242  lbs.  and 
16,945  lbs.  The  starboard  boiler  therefore  used  34.917  lbs.,  and 
the  port  boiler  33,776  lbs.  of  fuel.  The  total  quantity  was  68,693  lbs., 
or  4,005  lbs.  per  hour. 
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At  the  end  of  the  trial  it  was  found  on  cleaning  the  fires  that  tlie 
ash  amounted  to  1,671  lbs.,  and  the  clinker  to  2,806  lbs.  in  addition. 
The  ash  was  therefore  2  •  43  per  cent,  of  the  total  fuel,  the  clinker 
4*08  i^er  cent,  of  the  total  fuel,  and  the  two  together  6*51  per  cent, 
of  the  total  fuel. 

The  mean  temperature  of  the  escaping  gases,  deduced  from 
thirty-eight  observations,  was  791°  Fahr.  The  chimney  draft  was 
constantly  about  5-16ths  of  an  inch  of  water.  The  sample  of 
furnace  gases  which  was  brought  successfully  to  analysis  gave  the 
following  results  by  volume  and  by  weight : — 

Carbonic  Acid    .     12-5  per  cent,  bj'  volume,  and  18-17  per  cent,  by  weigbt. 
Carbonic  Oxide  .0-8         „  „  „      0"75         „  „ 

Oxygen      .         .       5*-±        „  „  „      5-71        „  „ 

Nitrogen    .         .     Sl"2        „  „  „    75-37        „  „ 

This  sample  was  collected  at  11 .30  a.m.  under  normal  conditions  of 
working.  During  the  greater  part  of  the  trial  the  fires  were  worked 
very  thick,  indeed  as  thick  as  possible,  and  they  were  so  at  the  end 
of  the  trial ;  as  already  mentioned  they  were  not  cleaned  during  the 
trial.  Very  much  smoke  was  always  emitted  after  stoking;  but 
while  no  stoking  was  actually  going  on,  there  was  not  much  smoke. 
The  times  of  stoking  were  noted  frequently  ;  and  on  the  average  it 
was  found  that  stoking  occurred  in  each  stoke-hole  about  every  24 
rainutes,  all  the  fires  being  stoked  one  after  the  other  as  quickly  as 
possible. 

Feed  Water. — The  mean  temperature  of  the  feed  water,  which 
was  heated  before  leaving  the  hot-well  by  an  apparatus  devised  by 
Mr.  Clephane,  the  chief  engineer  of  the  ship,  was  163*1°  Fahr. ;  it 
was  very  fairly  constant  between  160°  and  170°  during  the  whole 
trial.  At  this  temperature  the  amounts  of  water  contained  by  the 
two  measuring  tanks  are  1,771  lbs.  and  1,749  lbs.  respectively,  these 
figures  being  found  by  calculation  from  those  already  given.  During 
the  trial  the  larger  tank  was  filled  145  times,  and  the  smaller  146 
times.  The  total  quantity  of  water  used  was  therefore  512,150  lbs., 
or  29,860  lbs.  per  hour. 
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Sjyeed. —Hho  counter  read  1,439, GG8  at  1.30  a.m.  when  the  trial 
commenced,  and  1,513,318  at  6.3G  p.m.  wLen  tlie  trial  ended.  The 
total  number  of  revolutions  made  by  tlie  engines  was  tbereforo 
78,650,  the  time  being  17  Lours  6  minutes,  which  gives  the  average 
rate  of  71*78  revolutions  per  minute.  The  maximum  number  of 
revolutions  per  minute  for  any  half-hour  was  72  •  4,  and  the  minimum 
70-9. 

Pressures,  dx. — The  mean  barometric  pressure  during  the  trial 
was  30  "34  inches  of  mercury,  or  say  14*9  lbs.  per  square  inch.  The 
mean  boiler  pressure  was  145  •  2  lbs.  per  square  inch.  The  other 
pressures  were  as  follows  : — 

High-pressure  jacket  .         .         .         .   131  "0  lbs.  per  square  inch. 


Intermediate  jacket 
Low-pressure  jacket 
First  receiver 
Second  receiver  . 


77-5 

56-8 

36-5 

6-2 


All  these  pressures  are  given  above  the  atmospheric  pressure.  They 
were  observed  every  half-hour  throughout  the  trial.  The  gauge  for 
the  boiler  pressure  was  checked  by  a  standard  gauge ;  the  other 
gauges  were  not  checked,  and  their  readings  must  therefore  be  taken 
as  approximate  only.  The  average  pressure  during  admission  to 
the  high-pressure  cylinder  (from  measurements  of  diagrams)  was 
134-4  lbs.  per  square  inch.  The  actual  initial  pressure  (or  pressure 
just  at  the  commencement  of  the  stroke)  was  practically  the  same 
as  this  in  the  top  diagrams,  and  6  or  7  lbs.  higher  in  the  bottom 
diagrams.  The  difference  between  the  average  admission  pressure 
and  the  boiler  pressure  was  thus  (assuming  the  gauge  to  be  correct) 
10-8  lbs.  per  square  inch.  The  mean  reading  of  the  vacuum  gauge 
was  24*78  inches  of  mercury,  or  12-17  lbs.  per  square  inch  below 
the  atmosphere.  The  mean  vacuum  in  the  low-pressure  cylinder 
(obtained  by  detailed  measurement  of  all  the  diagrams)  was  11*6  lbs. 
per  square  inch  below  the  atmosphere.  The  absolute  back  pressure 
was  therefore  2-73  lbs.  in  the  condenser,  assuming  the  gauge  to  be 
correct,  and  3  •  3  lbs.  in  the  cylinder. 
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Power. — The  following  are  the  mean  effective  pressures  in  the 
different  cylinders  in  lbs.  per  square  inch  : — 

Cylinder  Top  Bottom        Mean 

High-pressure        60-10  56-82  58-46 

Intermediate  20-47  18-54  19-50 

Low-pressm-e  12-22  12-55  12-38 

These  pressures   correspond   with   the   following  indicated   horse- 
powers : — 

High-pressure  cylinder     ....  662 

Intermediate  cylinder       ....  507 

Low-pressure  cylinder       ....  825 


Totiillndicated  Horse-Power    .         .  1,994 


These  figures  are  the  average  from  thirty-four  sets  of  diagrams,  six 
diagrams  in  each  set.  The  maximum  indicated  horse-power  given  by 
any  one  set  was  2,086,  taken  at  5.15  a.m.  with  72*1  revolutions  per 
minute  and  147  lbs.  boiler  pressure.  The  minimum  indicated  horse- 
power given  by  any  one  set  of  diagrams  was  1,890,  taken  at  12  •  45  p.m. 
with  70*9  revolutions  per  minute  and  140  lbs.  boiler  pressure.  Each 
set  of  diagrams  was  worked  out  for  the  revolutions  per  minute 
corresponding  with  the  counter  readings  for  the  half-hour  in  which 
that  set  was  taken.  One  set  of  diagrams — that  nearest  to  the  mean 
— is  given  in  Plate  47. 

Boiler  Efficiencies. — The  rate  of  combustion  in  the  furnaces  was 
19-25  lbs.  of  fuel  per  square  foot  of  grate  surface  per  hour,  or 
U  •  602  lb.  per  square  foot  of  total  heating  surface  per  hour.  The 
evaporation  was  at  the  rate  of  7*46  lbs.  of  water  per  lb.  of  fuel 
put  on  the  fire,  including  clinker.  This  water,  being  supplied  at  a 
t'jmperature  of  163^  Fahr.  and  evaporated  at  a  temperature  of  363^, 
must  have  received  heat  at  the  rate  of  1,062  thermal  units  per  pound. 
Each  pound  of  it  was  therefore  equivalent  to  1  •  10  lb.  evaporated 
from  and  at  212°.  The  actual  evaporation  reduced  to  this  standard 
was  therefore  8*21  lbs.  of  water  per  lb.  of  coal,  or  about  9-62  lbs. 
per  lb.  of  carbon- value  in  fuel,  allowing  for  clinker.  The  equivalent 
amount  of  heat  utilised  per  lb.  of  coal  was  7,922  thermal  units,  or 
say  62  per  cent,   of  the  whole  calorific  value  of  the  coal,  which 


244  MARINE-ENGINE   TRIALS.  May  1889. 

percentage  therefore  represents  the  actual  boiler  efficiency.  Tlie 
total  nominal  calorific  value  of  the  fuel  burnt  per  minute  was 
853,900  thermal  units.  Although  it  cannot  he  assumed  that  the 
analysis  of  furnace  gas  already  given  was  a  fair  average,  it  has  been 
thought  worth  while  to  work  it  out.  It  appears  from  it  that  the 
weight  of  air  per  pound  of  carbon  was  about  22-0  lbs.,  and  per 
pound  of  coal  about  15*5  lbs.  The  loss  of  heat  in  raising  the 
temperature  of  the  furnace  gases  works  out  to  21*9  per  cent,  of  the 
whole  calorific  value  of  the  fuel,  the  loss  by  formation  of  carbonic 
oxide  to  3" 6  per  cent.,  and  that  due  to  the  evaporation  of  the 
moisture  in  the  fuel  to  1  •  2  per  cent.  The  sample  of  coal  analysed 
being  free  from  clinker,  ihe  4  i)er  cent,  of  clinker  may  roughly  be  said 
to  correspond  to  a  loss  of  about  3  per  cent,  of  the  whole  heat.  These 
quantities  add  up  to  91-7  per  cent,  of  the  whole  heat  of  combustion; 
and  the  balance  must  include,  among  other  things,  all  losses  by 
radiation.  The  amount  of  water  evaporated  per  square  foot  of  tube 
surface  was  5 '  18  lbs.  per  hour,  and  per  square  foot  of  total  heating 
surface  4  •  49  lbs.  per  hour.  These  quantities  have  to  be  multiplied 
by  1  •  1  to  bring  them  to  standard  conditions.  The  average  rate  of 
transmission  of  heat  through  the  material  of  the  boiler  was  5,244 
thermal  units  per  square  foot  of  heating  surface  per  hour.  (See 
correction  of  this  number  to  4,769  in  discussion,  pages  257  and  259.) 

Engine  Efficiencies. — The  measurement  of  feed  water  shows  that 
the  quantity  used  per  indicated  horse-power  per  hour  was  only  14*98 
lbs.,  or  within  the  limits  of  accuracy  of  measui-ement  15  '0  lbs.  The 
actual  heat  received  by  the  feed  water  per  minute  was  528,700 
thermal  units,  or  265  •  6  thermal  units  per  indicated  horse-power  per 
minute,  which,  as  given  in  the  last  paragraph,  is  62  per  cent,  of  the 
whole  heat  of  combustion.  For  purposes  of  comparison  with  a 
perfect  engine,  it  may  be  assumed  that  the  higher  limit  of 
temperature  is  that  of  the  boiler  steam,  363^  Fahr.,  while  the  lower 
limit  may  be  taken  as  120^  Fahr.  It  was  unfortunately  impossible 
to  measure  the  temperature  of  the  condensed  steam  as  it  entered  the 
hot-well ;  but  with  the  good  vacuum  given  above,  it  is  not  probable 
that  it  diifered  much  from  120^  Fahr.  (The  temperature  corresponding 
to  the  mean  back-pressure  in  the  low-pressure  cylinder  is  146"  Fahr.) 


Mat  1889. 


MARINE-ENGINE    TRIALS, 


245 


If  the  engine  Iiad  been  "  perfect  "  and  had  worked  between  363^  and 
120°  Fahr.,  it  should  have  turned  into  work  0'295  of  the  heat 
received  by  it.  The  heat  actually  turned  into  work  was  85,210 
thermal  units  per  minute,  showing  an  efficiency  of  54  "6  per  cent, 
as  compared  with  a  "  perfect "  engine  working  between  the  same 
limits  of  temperature  and  receiving  the  same  quantity  of  heat  per 
minute.  This  is  a  high  efficiency,  but  corresponds  with  the  low 
feed-water  consumption.  The  absolute  engine  efficiency,  or  ratio  of 
the  heat  turned  into  work  to  the  total  heat  received  by  the  feed 
water,  was  16*1  per  cent. 

Total  Efficiency. — The  combined  efficiency  of  the  boilers  and 
engines,  or  ratio  of  the  heat  turned  into  work  to  the  total  heat  of 
combustion  of  the  fuel,  was  almost  exactly  10*0  per  cent. 

Steam  hij  Indicator  Diagrams. — Careful  measurements  of  all  the 
diagrams  taken  have  been  made  to  ascertain  the  proportion  of  steam 
accounted  for  by  them,  and  the  following  are  the  results,  the  actual 
weight  of  feed  water  used  per  revolution  having  been  6  •  93  lbs. : — 


Proportion  of  Steam 

Lbs. 

Percentage 

of 

Total 

Feed. 

Percentage 
in   Jackets 

accounted  for 

per 

or  present 

by  indicator  diagrams. 

Pievolution. 

in  cyhnder 

as  water. 

Steam  present  in  high-pressure  cylinder 

Lbs. 

Per  cent. 

Per  cent. 

after  cut-ofl",   when    the  pressure  was 

110    lbs.  per    square    inch  above  the 

atmosphere        ..... 

5-34 

77-1 

22-9 

Steam  present  in  intermediate  cylinder, 

when    the    pressure   was   22   lbs.   per 

square  inch  above  the  atmosphere 

5 -50' 

80-2 

19-8 

Steam  present  in  low-pressure  cylinder 

near  end  of  expansion,  when  the  pres- 

sure was  4  lbs.  per  square  inch  below 

the  atmosphere           .... 

5-22 

75-3 

24-7 

It  will  thus  be  seen  that  even  in  these  very  economical  engines,  and 
with  a  liberal  allowance  for  the  steam  used  in  jackets,  which 
unfortunately  could  not  be  separately  measured,  there  must  have 
been  a  very  considerable  loss  due  to  cylinder  cojidensation. 
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In  Fig.  8j  Plate  48,  arc  shown  expansions  of  tlie  set  of  indicator 
diagrams  given  in  Plate  47,  each  expanded  diagram  being  the  mean 
of  the  two  corresponding  actual  ones.  The  full  lines  in  Plate  48 
show  these  mean  indicator  diagrams  themselves  drawn  to  the  same 
scale  of  pressure  and  of  volume,  and  placed  so  that  the  space  to 
the  left  of  eacli  diagram  represents  the  clearance  space  in  the 
corresponding  cylinder.  The  dotted  lines  in  Plate  48  show  tLe  same 
diagrams  set  back  (in  the  manner  described  in  Proceedings  1887, 
page  70)  in  such  a  way  that  at  any  pressure  the  horizontal  distance 
A  B  measures  the  actual  volume  of  worJcing  steam  in  the  cylinder  at 
that  pressure,  as  represented  by  the  difference  between  the  volume  of 
steam  of  that  pressure  in  the  cylinder  during  expansion  and  during 
compression,  or  A  E  —  A  D,  indejiendently  altogether  of  clearance 
steam.  Each  horizontal  distance  or  abscissa  of  the  dotted  curves, 
sueb  as  A  B,  is  therefore  directly  comparable  with  the  corresponding 

abscissa  A  C  of  the  saturation  curve  S  S  ;  and  the  ratio  of  the  one  to 

A  B 
the  other  -^-tj  at  any  pressure  gives  the  "  dryness  fraction,"  or  ratio 

of  steam  to  mixed  steam  and  water,  for  the  working  steam  at  that 
pressure. 

In  Fig.  9,  Plate  49,  the  same  diagrams  are  treated  in  a  somewhat 
different  manner,  proposed  by  Professor  Unwin.  The  mean  indicator 
diagrams  themselves  are  here  again  expanded  in  the  usual  fashion, 
as  shown  by  the  full  lines.  The  expansion  line  of  each  is  continued 
to  the  end  of  the  stroke  at  B,  and  the  horizontal  line  Q  A  B  is 
drawn.  Then  the  length  A  C  is  set  off  from  the  compression  line 
(produced  if  necessary)  to  represent  the  volume  of  the  whole 
feed-water  per  stroke  (less  jacket  water,  if  any),  if  it  were  entirely 
steam  of  the  pressure  at  B  ;  and  a  saturation  curve  is  drawn  upwards 
through  C.  Then  at  any  pressure  Q  B  represents  the  volume  of  the 
whole  steam  in  the  cylinder ;  B  C  the  volume  of  the  steam 
corresponding  with  the  water  in  the  cylinder,  apart  from  accumulated 
water  if  any ;  while  Q  A  shows  the  volume  of  steam  in  the  clearance 
space  when  the  same  pressure  is  reached  in  the  return  stroke.     The 

distance  A  B  therefore  represents  the  volume  of  working  steam,  and 

A  B 
the   ratio  ^^-^  the   "  dryness  fraction "   in   the    same    way  as  the 

similarly  lettered  distances  in  Plate  48. 
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Coal  Consumption. — The  total  coal  put  on  the  fires,  4,005  lbs. 
per  hour,  corresponds  to  2-01  lbs.  of  coal  per  indicated  horse-power 
per  boiir,  of  the  quality  already  stated.  This  corresponds  to  1  •  76  lbs. 
of  carbon-value  per  indicated  horse-power  per  hour,  or  say  427 
thermal  units  per  indicated,  horse-power  per  minute.  As  each 
indicated  horse-power  per  minute  is  equivalent  to  only  42 '75  thermal 
units,  this  makes  the  combined  efficiency  of  boilers  and  engines  10*0 
per  cent.,  as  given  above. 

Speed  of  Vessel. — The  following  notes  from  the  log  book  of  the 
ship  may  be  of  interest : — 

Left  Leith  Pier  Hend  . 

Bass  Eock 

St.  Abb's  Head  . 

Faru  Isles  Lighthouse 

Flamborough  Head 

Diidgeon  Floating  Light 

Cromer 

Haseborough 

Cockle 

The  mean  speed  between  Leith  and  Cromer,  which  practically  covers 
the  trial,  was  therefore  14 '6  knots. 

Supplementary  Trial. — Some  hours  after  the  main  trial  was  finished, 
and  after  all  the  fires  had  been  cleaned,  the  stoke-hole  was  closed,  the 
fans  set  to  work,  and  the  engine  driven  for  a  few  hours  at  full  power 
with  forced  draught.  The  particulars  of  the  work  done  under  these 
circumstances  are  given  in  Table  1  on  the  next  page.  As  to 
diagrams  C,  E,  and  F,  which  were  taken  with  live  steam  admitted  to 
the  first  receiver,  it  may  be  explained  that  the  engine  has  an 
auxiliary  starting  valve  of  2^^  inches  diameter,  which  enables  this  to 
be  done.  This  valve  is  occasionally  used  when  there  is  any  fear  of 
the  boiler  blowing  oif,  so  as  to  avoid  waste  of  steam  and  fresh  water. 
This  occurs  generally  for  only  a  minute  or  two  at  a  time.  The 
engines  run  from  2  to  3  and  sometimes  as  much  as  4  revolutions 
per  minute  faster,  and  it  will  be  seen  that  the  diagrams  shown  in 
Plates  51  and  53  are  much  distorted,  and  the  pressure  on  the 
intermediate  piston  much  increased. 


Time. 

Distance  in 
nautical  miles. 

0-50  a.m. 

0 

2-20 

20 

3-40 

391 

5-10 

62 

0*50  p.m. 

175 

4-57 

236 

G-25 

257 

7-0 

265J 

7-4G 

275 
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"When  tlie  vessel  got  into  i^ort  and  was  being  bertlied,  it  was 
endeavoured  to  get  a  set  of  indicator  diagrams  while  the  engines  were 
going  astern.  One  complete  set  only  was  secured,  Plate  54,  of  which 
the  following  are  the  particulars,  all  the  links  being  in  full  gear : — 

Boiler  pressure,  lbs.  per  sq.  inch  above  atm. 

Eevolutions  per  minute 

Vacuum  in  inclies  of  mercury 

3Iean  pressure,  bigb-pressure  cylinder 

,,  „       intermediate  cylinder 

„  ,,       low-pressure  cylinder 

Indicated  Horse-Power,  high-pressure  cylinder 
,,  „  intermediate  cylinder 

„  „  low-pressure  cylinder 

Total 

It  is  interesting  to  compare  the  results  thus  obtained  with  those 
when  running  in  forward  gear  (page  243  and  Plate  47),  as  showing 
the  effect  of  altering  the  sequence  of  the  cranks,  which  under  these 
circumstances  follow  in  the  order — high,  low,  intermediate. 

Observers. — As  this  trial  was  perhaps  the  first  marine-engine 
trial  carried  out  on  any  large  scale  at  sea  in  which  the  feed  water 
was  measured  and  the  coal  weighed  throughout  for  such  a  length 
of  time,  it  may  be  interesting  to  mention  the  staif  which  was  found 
necessary  for  the  experiments.  The  work  was  carried  on  by  two 
relays  of  observers,  five  in  each  relay,  keeping  alternate  four-hour 
watches.  Mr.  Frederick  Edwards  took  charge  of  one  watch,  consisting 
of  Mr.  Bryan  Donkin,  Jun.,  Mr.  A.  G.  Ashcroft,  Professor  Beare, 
Mr.  Beck,  and  himself.  The  writer  took  charge  of  the  other 
watch,  on  which  were  also  Mr.  C.  L.  Simpson,  Mr.  E.  H.  AVillis, 
Mr.  B.  Bramwell,  and  Mr.  N.  Burnett.  One  man  in  each  watch  took 
the  feed-water  measurements  continuously ;  with  him  was  an  engineer, 
specially  engaged  for  the  purpose,  to  stop  and  start  the  feed  pump  as 
the  tanks  were  changed  in  the  manner  above  described.  Two  observers 
in  each  watch  took  the  indicator  diagrams  and  other  observations  in 
the  engine-room  ;  and  two  others  attended  to  the  coal  measurements, 
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one  in  cacli  stoke-Lolo ;  these  four  intcrcliangetl  places  after  every  two 
hours'  work.  As  it  was  necessary  that  tlic  ordinary  work  of  the  ship 
should  not  be  interfered  with,  or  tlie  time  of  the  engineer's  staff 
encroached  upon,  an  extra  stoker  was  carried  in  each  stoke-hole  for 
the  purpose  of  filling  the  coal  baskets  to  be  weighed.  An  extra  man 
was  also  carried  to  look  after  the  donkey  boiler,  which  for  reasons 
already  mentioned  had  to  be  kept  going  during  the  whole  trip.  Besides 
the  ten  observers  already  mentioned,  there  were  thus  seven  others 
employed,  allowing  for  change  of  watch.  The  whole  trial,  although 
requiring  very  close  and  continuous  attention  on  the  part  of  those 
engaged  on  it,  went  off  without  the  least  hitch  of  any  kind,  a  fact 
which  was  no  doubt  due  in  a  great  extent  to  the  very  cordial  help 
received  throughout  from  everybody  connected  with  the  shij),  but 
especially  from  Mr.  Clephane,  the  chief  engineer ;  his  co-operation 
throughout  was  invaluable,  and  the  Committee  have  much  pleasure  in 
taking  this  opportunity  of  acknowledging  it.  They  are  also  indebted 
to  Messrs.  J.  and  G.  Thomson,  who  have  kindly  furnished  them 
with  detail  drawings  of  the  cylinders  and  other  parts  of  the  engines  ; 
to  Mr.  C.  J.  Wilson,  F.C.S.,  for  analysing  the  furnace-gases  and 
the  coal ;  and  of  course  in  the  highest  degree  to  Mr.  Aitken,  of  the 
London  and  Edinburgh  Shipping  Company,  for  his  kindness  in 
allowing  the  trial  to  be  made,  and  for  the  trouble  which  he  took 
in  connection  therewith. 
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Discussion. 

The  President  said  that,  as  the  Eej)ort  just  read  was  the  first 
which  the  Institution  had  received  from  their  Research  Committee 
on  Marine-Engine  Trials,  the  Members  would  naturally  be  interested 
in  knowing  the  names  of  the  gentlemen  constituting  this  Committee, 
who  were  the  twenty  following : — Professor  Alexander  B.  W. 
Kennedy,  F.E.S.,  Chairman  ;  Mr.  William  Anderson ;  Mr.  Walter 
Brock;  Mr.  Horace  Darwin;  Mr,  Bryan  Donkin,  Juu.  ;  Mr.  John 
Dnnloi^ ;  Mr.  Frederick  Edwards  ;  Mr.  Pt.  Edmund  Proude ;  Mr. 
Alexander  C.  Kirk,  LL.D. ;  Mr.  John  List ;  Mr.  Michael  Longridge  ; 
Mr.  John  G.  Mair ;  Mr.  William  H.  Maw ;  Mr.  William  Parker  ; 
(the  late)  Sir  William  Pearce,  Bart.,  M.P. ;  Mr.  A.  E.  Seaton ; 
Mr.  Eichard  Sennett ;  Mr.  Archibald  Thomson ;  Professor  W. 
Cawthorne  Unwin,  F.K.S. ;  and  Mr.  W.  H.  White,  F.R.S. 

Professor  Kennedy,  Member  of  Council,  was  glad  the  President 
had  given  the  names  of  the  Committee,  because,  without  in  the 
slightest  degree  desiring  to  lessen  any  personal  responsibility  of  his 
own  with  reference  to  the  trial  or  the  report,  he  wished  to  say  that, 
although  the  carrying  out  of  the  trial  had  not  been  done  by  the 
Committee  as  a  body,  their  work  had  been  by  no  means  of  a  purely 
nominal  kind.  They  had  discussed  in  great  detail  at  rej^cated 
meetings  all  the  methods  to  be  employed  in  trials  of  this  kind ;  and 
the  credit  of  the  success  of  these  methods  was  practically  due  to  the 
Committee  as  a  body.  From  the  names  of  the  Committee  it  would 
be  noticed  that  they  were  thoroughly  competent  to  deal  with  the 
matters  brought  before  them. 

With  regard  to  the  exact  diameters  of  the  cylinders  (page  235), 
it  had  not  been  possible  to  measure  these  before  the  calculations 
were  worked  out ;  but  the  alteration  due  to  the  subsequent  accurate 
measurement  was  only  one-fifth  of  one  per  cent.,  raising  the  indicated 
horse-power  on  page  243  to  1,998  instead  of  1,994. 

About  the  method  of  starting  and  ending  the  experiment  he  had 
been  asked  some  questions,  as  it  had   not  been   described  in  the 
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report.  What  it  had  been  endeavoured  to  do  was  to  oLtain  as  far  as 
eould  be  fires  of  about  the  same  value  at  the  beginning  and  at  the 
end  of  the  trial.  Of  course  it  was  impossible  to  judge  the  amount 
of  coal  upon  the  grate  correctly  enough  to  get  it  the  same  at  the 
end  as  at  the  beginning.  As  a  matter  of  fact  it  could  not  be  the 
same,  because  it  had  been  decided  not  to  clean  the  fires  during  the 
trial.  There  was  a  ton  of  clinker  got  out  at  the  end  of  the  trial ;  a 
great  portion  of  this  must  have  been  in  the  fires  at  the  end,  and 
certainly  they  were  much  thicker  then  than  at  the  beginning.  The 
endeavour  had  been  to  have  the  engines  running  as  nearly  as  could 
be  at  the  same  speed,  and  under  normal  conditions,  at  the  beginning 
and  at  the  end.  The  fires  were  let  alone  just  before  the  beginning 
of  the  trial  until  they  would  not  keep  uj)  the  steam,  so  that,  as  seen 
iu  Fig.  4,  Plate  4G,  the  pressure  fell  from  151  lbs.  down  to  143  ;  and 
the  experiment  was  then  commenced  by  firing  with  weighed  coal. 
The  same  conditions  existed  at  the  end  of  the  trial,  the  fires  being 
left  alone  until  they  would  no  longer  keep  xi])  the  steam  pressure. 
Thus  both  at  the  beginning  and  at  the  end  the  value  of  the  fires  was 
such  as  would  just  not  keep  uj)  the  steam.  Of  course  in  such  a  long 
trial  there  was  not  likely  to  be  any  considerable  error  from 
inequality  of  fires  at  start  and  at  finish ;  but  probably  this  was  the 
most  accurate  way  iu  which  the  matter  could  be  dealt  with.  The 
idea  of  drawing  the  fires  was  altogether  out  of  the  question. 

Since  the  "  Meteor "  trial  now  reported  upon,  another  trial  had 
been  made  by  the  Committee  on  a  smaller  boat,  the  "  Fusiyama," 
having  ordinary  two-cylinder  compound  engines  whicb  had  recently 
been  overhauled.  The  princij)al  results  of  the  later  trial  would 
form  the  subject  of  another  report  now  iu  course  of  prej)aratiou. 
'The  engines  were  working  with  about  58  lbs.  pressure  of  steam,  and 
•exerting  371  indicated  horse-power;  the  consumption  was  found  to 
be  2-G8  lbs.  of  coal  per  indicated  horse-power  per  hour,  and  the 
evaporation  was  8  •  1  lbs.  of  water  per  lb.  of  coal  at  the  pressure  of 
58  lbs.,  which  was  equivalent  to  an  evaporation  of  9  lbs.  of  water 
from  and  at  212°,  corresponding  with  the  use  of  21*7  lbs.  of  water 
per  indicated  horse-power  i)er  hour.  Through  the  kindness  of 
Mr.  Holden  and  Mr.  Seatou,  who   had  used   their  influence   with 
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the  Great  Eastern  Railway,  lie  was  liaj)py  to  say  it  had  been 
arranged  to  have  a  trial  of  their  new  vessel,  the  "  Colchester," 
running  between  Harwich  and  Antwerp,  which  j)robably  represented 
the  very  best  that  could  now  be  done  in  compound  engines  of  such  a 
size.  She  was  a  twin-screw  vessel  indicating  about  2,000  horse- 
j)Ower,  and  her  engines  were  not  triple-expansion  but  two-cylinder 
compound,  and  had  been  built  at  the  beginning  of  the  present  year, 
so  that  they  represented  the  latest  improvements  in  two-cylinder 
compound  engines;  and  the  results  would  be  corresi^ondingly 
interesting. 

It  was  only  fair  to  the  Committee  to  point  out  that  the  object  of 
these  trials  was  not  to  form  a  basis  on  which  to  criticise  the  design 
of  the  engines  or  anything  of  that  kind.  The  object  was  two-fold  :  — 
firstly  to  find  out  what  a  particular  set  of  fairly  representative 
engines  were  actually  doing ;  and  secondly  to  see  whether  this  could 
be  ascertained  under  conditions  which  did  not  interfere  with  the 
ordinary  working  of  the  engines.  No  attempt  therefore  was  made 
to  discover  what  setting  of  the  valves  and  valve-gear  would  make 
the  engines  work  in  the  most  economical  fashion ;  or  whether  the 
engines  might  or  might  not  have  worked  better  if  the  cut-off  had 
been  different,  or  if  the  j)roportions  of  the  cylinders  had  been 
altered.  These  were  not  matters  with  which  the  Committee  had  to 
deal,  although  naturally  they  were  matters  of  which  the  interest 
was  obvious  to  everybody.  What  it  was  wished  to  ascertain  was 
whether  the  actual  working  of  any  marine  engines  could  be 
accurately  and  scientifically  measured,  without  in  any  way 
interfering  with  their  ordinary  working.  In  the  trials  already 
made  it  had  been  found  that  this  could  really  be  accomplished ;  there 
had  been  no  interference  with  the  ordinary  working  of  the  engines. 

Mr.  W.  H.  White,  as  one  of  the  members  of  the  Committee, 
could  speak  with  perfect  impartiality  of  their  work,  because  to  his 
regret  he  had  been  unable  to  do  anything  to  help  it  forward ;  this 
however  had  not  been  for  want  of  will,  but  absolutely  for  want  of 
opportunity  and  time.  With  the  objects  aimed  at  in  the  enquiry  he 
had   the  liveliest   sympathy ;  and  he  thought  it  was  impossible  to 
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exaggerate  the  importance  of  tlie  results  already  obtained.  As  a 
beginning  in  a  new  field  of  research  it  was  certainly  a  commencement 
of  which  the  Institution  might  be  proud.  Professor  Kennedy  had 
spoken,  as  became  him  as  Chairman,  of  the  value  of  the  assistance 
he  had  received  from  the  members  of  the  Committee ;  but  whatever 
might  be  the  result  of  the  Committee's  deliberations,  the  work  done 
should  be  considered  as  largely  and  practically  that  of  Professor 
Kennedy  himself.  It  was  perfectly  true  that  methods  of  enquiry 
might  be  discussed  and  arranged  in  committee ;  and  there  could  be 
no  doubt  that  such  a  committee  as  had  been  constituted  would  be 
sure  to  make  valuable  suggestions  as  to  methods  of  procedure.  But 
when  it  came  to  the  actual  work  of  conducting  an  experiment  of  this 
nature,  he  thought  Professor  Kennedy's  remarks  had  not  conveyed 
much  of  what  was  really  involved  in  carrying  out  observations 
which  had  resulted  in  such  a  valuable  collection  of  facts.  What 
had  to  be  discovered  first  of  all  were  the  facts  of  the  case.  In  the 
problem  of  steamship  propulsion,  as  ordinarily  treated,  a  great 
many  diverse  elements  Avere  rolled  together,  and  in  practice  it  was 
only  with  the  concrete  result  that  engineers  were  usually  concerned. 
But  when  the  problem  was  brought  before  an  Institution  like  this, 
it  was  necessary  not  merely  to  deal  with  the  result  in  the  aggregate, 
but  also  most  carefully  to  collate  and  analyse  all  the  several  sections 
of  the  result ;  otherwise  it  was  impossible  to  make  any  proj)er 
progress.  Knowing  something  himself  of  what  was  involved  in 
making  experiments,  one  feature  in  the  report  which  commended 
itself  to  him  was  the  extreme  frankness  with  which  Professor 
Kennedy  on  behalf  of  the  Committee  had  drawn  attention  to  the 
want  of  completeness  in  certain  portions  of  the  enquiry.  The 
report  did  not  profess  to  be  a  perfect  investigation  of  the  questions 
involved ;  and  there  were  certain  points  in  regard  to  which,  if  the 
omissions  that  had  necessarily  occurred  in  the  enquiry  could  have 
been  filled  up,  the  results  would  have  been  even  more  valuable  than 
they  were.  It  would  be  possible  for  example,  if  ho  was  not 
mistaken,  to  improve  upon  what  had  been  done  (page  239)  in  regard 
to  the  exhaust  from  the  circulating-pump  engine  and  also  that  from 
the  dynamo  engine,  both  of  which  were  taken  into  the  condenser, 
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and  therefore  were  measured  tlirougli  tlie  feed  tank  on  their  way 

to    the    boiler.       He    did    not    know    whether    in    the  feed-water 

measurement    any  deduction   had    been   made   for    that  additional 
water. 

Professor  Kennedy  explained  that  all  the  water  which  passed 
through  the  tanks  and  was  measured  went  to  the  main  boilers, 
although  a  portion  of  it  had  originally  been  steam  in  the  donkey 
boiler.     So  there  was  no  deduction  to  be  made  on  this  score. 

Mr.  White  said  it  seemed  from  the  report  as  if  that  was  a 
point  where  a  necessary  deduction  would  have  to  be  made.  Then 
again,  as  frankly  stated  on  page  'JiS,  the  quantity  of  the  steam  used 
in  the  jackets  could  not  be  separately  measured.  This  was  a 
most  important  point,  and  it  would  no  doubt  be  a  great  advantage 
if  in  any  subsequent  investigations  it  could  bo  dealt  with  in  a 
quantitative  fashion.  But  the  main  results  recorded  in  the  report 
appeared  to  be  not  merely  of  great  value  and  importance  in 
themselves,  but  likely  to  lead  to  a  mora  exact  appraisement  of  the 
efficiency  of  the  propelling  apparatus  of  steamships  than  had  ever 
been  made  before.  The  shij)-owning  and  ship-building  communities 
he  was  sure  would  feel  under  the  greatest  obligation  to  the 
Institution  for  the  enquiry  which  had  been  undertaken  and  so  far 
carried  out. 

Mr.  Andrew  Brown,  of  Messrs.  "William  Simons  and  Co., 
Renfrew,  mentioned  that  about  1S51  or  1852  he  happened  to  be 
engaged  upon  the  engines  of  the  "  Prompt,"  the  first  screw  steamer 
of  the  Edinburgh  and  Leith  Shipping  Comi)any ;  they  were  a  pair 
of  beam  jet-condensing  engines,  with  cogwheel  gearing  driving  the 
propeller.  The  vessel  was  rather  a  novelty  at  that  time,  and  was 
looked  upon  as  a  bold  venture,  the  company's  over-sea  carriage  having 
previously  been  effected  by  sailing  smacks.  The  boiler  jiressure 
was  15  lbs.,  and  the  consumption  of  fuel  was  about  8  or  10  lbs. 
per  horse-power  per  hour,  which  of  course  could  not  be  compared 
vrith  the  present    consumption  of   only    2    lbs.   in    triple-expansion 
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eugincs  working  with  gteam  at  ICO  lbs.  There  was  another  steamer, 
the  "  Malvcua,"  built  at  the  same  time  by  Me.ssrs.  Napier,  and  having 
the  same  kind  of  engines.  The  two  boats  took  their  maiden  triiis 
from  the  Clyde  to  London.  Looking  back  to  that  time,  the  progress 
since  made  was  something  wonderful.  The  experiments  described 
in  the  report  were  of  great  value  ;  and  shipowners,  shipbuilders, 
and  engineers  would  all  alike  be  highly  interested  in  them. 

Mr.  Edwaed  H.  Carbutt,  Past-President,  said  that  when  he  was 
President  of  the  Institution  he  had  had  the  pleasure  of  attending 
ex  officio  the  meetings  of  the  Committee  who  had  this  question  in 
hand.  Every  detail  had  been  thoroughly  discussed  by  that  Committee. 
Professor  Kennedy  of  course  led  the  way  as  chairman,  but  took  great 
care  that  every  member  of  the  Committee  should  express  his  opinion 
as  to  the  best  mode  of  conducting  the  trials.  He  could  himself 
only  express  his  delight  that  the  trials  had  been  carried  out  so 
satisfactorily ;  and  he  thought  that  the  Institution  was  greatly 
indebted  to  Professor  Kennedy  for  having  thrown  so  much  spirit  into 
the  work,  and  for  having  persuaded  other  members  of  the  Committee 
to  go  with  him  and  conduct  the  trials.  No  doubt  the  trials  had  not 
been  as  perfect  as  they  would  like  them  to  have  been ;  but  one  result 
of  the  rej)ort  would  be  that  Members  like  Mr.  White,  who  could  be 
of  such  great  service  in  the  matter,  might  be  induced  in  future  to 
give  a  little  of  their  time  to  it,  so  that  by  their  aid  more  perfect 
exj)eriments  might  be  made  which  would  add  to  the  value  of  those 
already  carried  out.  The  Institution  was  determined  that  a  large 
portion  of  the  money  it  had  saved  should  be  spent  in  these 
experimental  researches ;  and  if  only  Members  who  had  the  ability 
could  be  persuaded  to  tell  them  what  was  the  best  way  of  carrying 
out  the  experiments,  the  Council  would  so  carry  them  out,  in  order 
that  the  results  might  be  of  some  service  to  the  shipbuilders  and 
marine  engineers  of  the  country. 

Mr.  Thomas  Aitken,  responding  to  the  President's  invitation  to 
speak  on  the  subject,  expressed  the  very  great  pleasure  he  had  had  in 
giving  all  the  facilities  in  his  power  for  conducting  the  experiments 
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on  board  tlie  "  Meteor."  The  comparisou  between  tlie  early 
experiments  referred  to  by  Mr.  Brown  and  those  recently  carried 
out  on  the  "Meteor"  would  show  that  a  great  deal  had  been  done 
in  the  way  of  improvement. 

The  President  called  attention  to  the  rate  of  transmission  of 
heat  through  the  boiler  plates  (page  244).  So  far  as  he  was  able  at 
present  to  make  out  from  the  rei^ort  he  imagined  that  the  average 
rate  of  transmission  of  heat  through  the  material  of  the  boiler  was 
7,922  X  0"C02  =  4,7G9  thermal  units  per  square  foot  of  heating 
surface  per  hour,  instead  of  5,244.  No  doubt  Professor  Kennedy 
"would  soon  put  this  right. 

The  next  point  to  which  he  wished  to  call  attention,  in  the  hope 
that  it  might  lead  co  discussion,  was  (page  245)  the  proportion  of 
steam  accounted  for  by  the  indicator  diagrams.  It  could  not  have 
failed  to  attract  attention  that  there  was  a  great  difference  between 
the  quantity  of  steam  represented  in  the  three  cylinders,  although 
presumably  the  same  quantity  was  passing  through  each.  The 
percentage  of  total  feed  present  as  steam  in  the  high-pressure 
cylinder  was  given  at  77*1  per  cent.,  with  a  deficit  of  22*9.  The 
percentage  in  the  intermediate  cylinder  was  higher,  namely  80*2, 
with  a  loss  of  only  19*8.  But  on  coming  to  the  low-pressure 
cylinder  there  was  a  fall  of  steam  to  75  •  3  j^er  cent.,  with  24  •  7  loss. 
On  looking  at  the  diagrams  In  Plate  47,  it  would  be  found  that  in  the 
high-pressure  cylinder,  Fig.  5,  the  point  of  measurement  of  the 
steam  which  was  stated  to  have  been  adopted,  namely  at  110  lbs. 
pressure  above  atmosphere,  corresponded  with  about  57  per  cent,  of 
the  length  of  the  stroke,  taking  the  mean  of  the  two  diagrams  from 
the  bottom  and  top  ends  of  the  high-pressure  cylinder.  It  had 
puzzled  him  to  understand  how  It  was  that  the  measurement  could 
then  give  more  steam  in  the  second  cylinder  than  there  had  been  in 
the  first.  But  it  would  be  seen  that  for  some  reason  or  other  the 
measurement  in  the  intermediate  cylinder,  Fig.  6,  being  taken  at 
22  lbs.  above  atmosphere,  corresponded  with  no  less  a  distance  than 
about  82  per  cent,  of  the  stroke.  And  similarly  in  the  low-j)ressure 
cylinder,  Fig.  7,  it  would  be  seen  that  the  volume  of  steam  had  been 
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measuretl  at  about  tlio  same  i^erceutagc  of  the  length  of  the  stroke. 
No  doubt  there  had  been  some  good  reason  for  making  tlie 
measurements  at  those  different  percentages  of  the  stroke.  It  was 
puzzling  to  know  how  far,  in  travelling  out  of  the  high-pressure 
cylinder  into  the  intermediate  cylinder,  and  measuring  in  the  latter 
at  a  greater  length  of  the  stroke,  re-evajjoration  had  taken  place  so 
as  to  give  more  steam  in  the  intermediate  cylinder ;  and  there  was 
also  ihe  puzzle  as  to  why  the  same  result  had  not  been  shown  in  the 
low-pressure  cylinder,  and  v/hy  the  steam  should  here  have  fallen 
again  to  75  •  3  per  cent.,  after  the  intermediate  cylinder  had  shown  a 
marked  excess  of  steam  at  the  point  at  which  the  measurement  was 
taken. 

Professor  Kennedy,  having  been  asked  some  questions  as  to 
how  the  feed  water  tanks  had  been  ari-anged  for  carrying  out  the 
measurements,  explained  that  tliere  were  a  pair  of  tanks,  which  were 
connected  at  the  bottom  with  one  two-way  cock  and  at  the  top  with 
another.  One  branch  of  the  ujjper  cock  communicated  always  with 
the  hot-well.  Supposing  this  cock  were  also  open  to  the  right- 
hand  lank,  the  feed  water  would  be  flowing  into  that  tank  and 
filling  it,  while  at  the  same  time  the  water  was  running  out  of  the 
left-hand  tank  through  the  bottom  cock  to  the  feed  pump.  Either 
tank  would  empty  more  quickly  than  the  other  tank  filled.  This 
was  of  course  a  necessity  of  the  case,  or  else  the  arrangement 
could  not  be  worked ;  in  other  words,  the  feed  pump  must  have 
power  enough  to  draw  more  quickly  than  the  discharge  from  the 
hot-well  was  delivered.  As  soon  as  the  left  or  emptying  tank 
was  quite  emptied,  the  bottom  cock  was  simply  turned  into  such  a 
position  as  to  shut  off  its  communication  to  the  feed  pumj).  The 
boiler  was  then  for  a  short  interval  receiving  no  water,  while  the 
right-hand  or  filling  tank  was  filling  up  full  to  the  top  ;  and  the  only 
point  where  there  seemed  a  possibility  of  error  was  in  filling  uj) 
each  tank  in  turn  exactly  to  the  correct  height.  But  it  was  easy 
so  to  contrive  the  shape  of  the  tanks  at  the  top  that  the  error  should 
be  extremely  small ;  and  as  mentioned  in  the  report  (page  239)  he 
had  measured  the  error  after  the  trial  by  re-erecting  the  tanks  in  his 
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laboratory,  and  had  found  it  to  bo  quite  negligible.  All  error  might 
indeed  be  avoided  by  connecting  together  the  air-pipes  or  relief-i^ipes 
on  the  top  of  the  tanks  by  a  cross  horizontal  pipe  at  the  level  of  the 
centre  of  the  upper  cock ;  so  that,  if  ever  the  upper  cock  was  not 
reversed  quite  in  time  when  the  filling  tank  was  filled  full,  the  only 
consequence  would  be  that  some  of  the  water  from  tlie  full  tank 
would  j)rematurely  run  over  into  the  empty  tank,  and  therefore  the  full 
tank  could  not  be  filled  above  the  intended  level.  If  the  upper  cock 
were  then  reversed,  the  water  from  the  hot-well  would  commence  to 
run  into  the  empty  tank ;  and  the  bottom  cock  could  at  the  same  time 
be  oj)ened  to  the  full  tank,  so  as  to  allow  the  feed  pump  to  emj)ty 
it.  This  arrangement  did  with  two  cocks  only,  which  was  a  very 
important  point  when  the  manipulations  had  to  be  made  so  frequently, 
and  under  circumstances  that  were  not  the  most  favourable  for  making 
rapid  manipulations.  Of  course  it  would  be  better  to  have,  as  the 
Committee  had  originally  proposed,  a  more  elaborate  arrangement 
which,  by  the  use  of  reserve  or  reservoir  tanks,  should  leave  an 
interval  of  five  or  ten  minutes  free ;  but  such  an  arrangement  it 
was  not  always  possible  to  get  in  the  confined  sj)ace  on  board  a 
steamer. 

"With  regard  to  the  rate  of  transmission  of  heat  through  the 
material  of  the  boiler  (page  244),  the  number  given  by  the  President, 
namely  4,769  thermal  units  per  square  foot  of  heating  surface  per 
hour,  was  correct.  The  number  5,244  was  due  to  the  multiplication 
by  1  •  1  having  accidentally  been  made  twice  over. 

The  iirincijile  on  which  the  measurements  of  steam  had  been 
made  from  the  indicator  diagrams  in  Plate  47  was  simply  that  in 
the  high-pressure  cylinder  the  measurement  was  made  as  soon  as 
possible  after  the  cut-off,  and  in  the  two  other  cylinders  as  late  as 
possible  before  exhausting.  It  would  of  course  have  been  better 
also  to  measure  directly  after  the  cut-off  in  the  two  other  cylinders, 
but  in  these  the  point  of  cut-off  was  not  so  well  defined  as  in  the 
high-pressure  cylinder ;  in  fact  it  was  not  really  well  defined  in  any 
of  the  three.  It  would  therefore  have  been  better  also  to  measure 
as  late  as  possible  in  the  high-pressure  cylinder,  in  order  to  compare 
with  the  other  two. 
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The  President  asked  whctLcr  the  effect  of  measuring  at  such  a 
late  ijcriod  in  the  second  and  third  cyliuders  was  to  allow  a  certain 
amount  of  water  to  rc-evai)orate  into  steam,  and  so  to  give  a  larger 
measurement  of  steam  than  would  be  obtained  at  an  earlier  period  of 
the  stroke. 

Professor  Kennedy  had  no  doubt  there  had  been  re-evaporation, 
but  he  should  not  like  to  say  how  much,  without  having  measured 
the  diagrams  with  that  object.  Each  diagram  had  been  measured  in 
oBe  place  only,  because  the  operation  of  measurement  was  so  very 
laborious. 

Mr.  P.  W.  "WiLLANS  said  the  results  of  these  trials  had  been 
looked  forward  to  by  engineers  with  great  interest  and  anxiety,  in 
order  that  they  might  know  what  large  marine  engines  were  really 
doing;  and  after  the  labours  of  Professor  Kennedy  and  the  other 
gentlemen  who  were  associated  with  him  as  observers,  he  thought 
there  was  no  doubt  that  they  did  now  know  within  very  narrow 
limits  indeed  what  these  particular  engines  were  actually  doing. 
There  were  however  one  or  two  unfortunate  omissions,  which  he  had 
no  doubt  Professor  Kennedy  would  be  able  to  explain.  One  was 
that  the  jacket  water  had  not  been  measured ;  and  therefore  in  the 
Table  in  page  245,  to  which  the  President  had  referred,  and  in  which 
from  19  "8  to  24  "7  per  cent,  of  the  feed  water  was  shown  to  be 
missing  as  steam,  the  jacket  water  was  included  with  the  water 
j)resent  in  the  cylinder.  It  was  very  important  to  know  what  the 
initial  condensation  was  in  such  large  cylinders ;  and  this 
information  could  not  be  got  from  the  data  recorded.  It  was 
to  be  hoped  that,  if  any  more  trials  of  this  kind  were  made,  these 
figures  would  be  ascertained  at  whatever  cost,  because  the  matter 
was  one  of  the  utmost  importance.  It  seemed  evident  however  that 
the  initial  condensation  was  large,  as  inferred  in  the  report,  for  the 
object  of  jackets  was  to  diminish  initial  condensation  ;  and  assuming 
that  any  large  proportion  of  the  22  •  9  per  cent,  pertaining  to  the 
high-pressure  cylinder  was  condensed  in  the  jackets,  it  was  evident 
that  in  an  engine  which  was  not  jacketed  still  more  initial 
condensation  would  take  place. 
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As  to  the  main  result,  it  certainly  seemed  to  liira  that  the 
M'ater  consumjjtion  in  the  engine  was  large  (page  244).     Althongh 

15  lbs.  of  feed  water  per  indicated  horse-powder  per  hour  seemed 
low  in  comparison  with  earlier  experience,  yet  it  must  be  borne 
in  mind  that  these  engines  were  working  with  a  high  initial 
jiressure  of  steam  and  with  a  moderate  range  of  temperature  in 
each  cylinder.  It  certainly  seemed  to  him  therefore  that  some 
recent  performances  of  marine  engines  could  not  have  been  quite 
as  good  as  they  were  said  to  be,  seeing  that  the  present  trial, 
which  had  been  so  carefully  made,  gave  as  much  as  15  lbs.  of 
water. 

The  report  had  gone  fully  into  the  efficiency  of  the  engines  and 
boilers,  and  it  had  been  pointed  out  (page  245)  that  their  combined 
efficiency  amounted  to  only  about  10  per  cent. ;  that  is,  only  about 
10  per  cent,  of  the  total  heat  in  the  fuel  was  turned  into  useful  work. 
This  seemed  a  bad  result ;  but  he  thought  it  was  not  desirable  to  look 
at  the  efficiency  from  the  point  of  view  of  absolute  perfection,  because 
the  physical  conditions  would  account  for  nearly  the  whole  of  the 
deficient  90  per  cent.,  and  there  was  no  hope  that  any  steam  engine 
or  beat  engine  would  give  back  in  the  shape  of  useful  work  any 
large  part  of  the  heat  supplied.  About  the  boiler  he  did  not 
intend  to  say  anything,  but  would  deal  merely  with  the  separate 
efficiency  of  the  engine,  which  in  page  245  was  made  out  to  be 
about  54  per  cent.  But  the  engine  he  thought  was  really  doing 
better  than  this,  when  the  comparison  was  made  with  what  such  an 
engine  was  actually  capable  of  doing.  First  of  all  however  it  would 
appear  as  though  the  engine  was  doing  a  little  worse  than  represented 
in  the  report,  in  which  it  was  compared  with  an  ideal  engine 
following  the  Carnot  cycle  and  working  between  the  temperatures  of 
363°  and  120^  Fahr.  The  heat  supplied  [per  minute  to  the  feed 
water  was  given  as  528,700  units,  of  which  85,240  were  actually 
turned  into  work  in  the  cylinders,  showing  an  absolute  efficiency  of 

16  •  1  per  cent.  But  it  appeared  from  page  241  that  the  528,700  heat- 
tinits  were  supplied  to  the  feed  water  after  it  had  already  acquired 
from  other  sources  a  temperature  of  160^  ;  whereas  in  the  Carnot 
cycle    with    which    the    comparison    of    efficiency    was   made    the 
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temperature  rauged  ilown  to  120^.  If  tliesc  figures  were  correct,  aud 
if  tlie  heat  necessary  to  raise  the  temperature  of  the  feed  water  from 
120^  to  IGO'  were  added,  the  absolute  efficiency  would  be  only  about 
14  per  cent,  instead  of  16  per  cent.,  and  the  efficiency  according 
to  the  Carnot  cycle  would  be  only  52  •4  per  cent,  instead  of  54*G  per 
cent. ;  in  this  aspect  therefore  the  engine  seemed  not  quite  as  good  as 
the  report  made  it  out  to  be.  Then  it  had  also  been  stated  (page  245) 
that,  if  the  engine  had  been  "  perfect "  and  had  worked  between 
363^  and  120°,  it  should  have  turned  into  work  0-295  of  the 
heat  received  by  it.  Now  the  ideal  engine  with  which  it  was 
here  compared  was  not  really  a  steam  engine  at  all,  but  an  engine 
which  received  all  its  heat  at  the  higher  temperature.  The  ordinary 
steam  engine  received  a  good  deal  of  heat  between  the  temj)erature 
of  the  feed  aud  the  temperature  of  the  boiler ;  and  it  was 
unreasonable  to  expect  from  the  heat  so  received  the  efficiency  of 
what  was  here  called  the  perfect  engine.  It  was  just  as  unreasonable 
as  it  would  be  to  compare  the  work  done  by  two  hydraulic  engines, 
both  receiving  the  same  quantity  of  water  and  both  exhausting  it  at 
the  same  level,  but  one  of  them  supjilied  from  a  higher  level  than 
the  other,  and  working  therefore  under  a  higher  jiressure.  The 
value  of  heat  was  determined  not  only  by  the  number  of  thermal 
units  supplied,  but  also  by  the  temperature  at  which  they  were 
supplied.  Therefore  the  only  fair  comparison  to  make,  as  it  seemed 
to  him,  was  with  an  engine  receiving  the  same  amount  of  heat 
and  receiving  it  at  the  same  temperature  ;  and  this  was  equivalent  to 
comparing  the  indicator  diagrams  for  each  lb.  of  steam  taken  in  by 
each  engine  and  expanded  adiabatically  from  the  higher  temperature 
to  the  lower,  and  exhausted  at  the  lower  temperature.  This  he 
thought  was  also  the  common-sense  way  in  which  practical  engineers 
should  look  at  the  efficiency :  that  is  to  say,  comparing  the  actual 
indicator  diagram  with  a  perfect  indicator  diagram  from  an  ideal 
engine,  in  which  there  was  supj)osed  to  be  no  initial  condensation 
and  no  loss  between  the  cylinders  ;  aud  thus  comparing  the  actual 
engine  with  an  engine  like  itself,  instead  of  with  an  engine  that  was 
not  like  itself.  For  such  a  standard  engine  the  formula  given  by 
Clausius  and  other  writers  on  the  subject  was : — 
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U=(Ud8-0'7  A)^,--]-A-B-B  log  ^        * 
A  ^B 

wliere    U   denoted    tlie    lieat-uuits  tliermodynamically    due  in    the 

shape  of  work   j)er  lb.  weight   of  steam,  and  A  and  B  were   the 

temperatures   of  the  initial  and  exhaust    steam   respectively,   both 

reckoned  from  Ithe  zero  of  absolute  cold.     This  formula  had  also 

been  given  approximately  by  Mr.  Macfarlane  Gray  in  the  following 

modified  form,  with  the  same  signification  for  the  symbols  : — 

Applying  either  of  these  formula}  to  a  standard  engine  receiving 
heat  as  those  of  the  "  Meteor  "  did,  but  making  a  perfect  use  of  it, 
the  efficiency  of  the  "Meteor"  engines  would  be  58  per  cent., 
instead  of  either  52 '4  per  cent,  as  he  had  previously  calculated 
after  allowing  for  the  temperature  of  the  feed  water,  or  54 -G  per 
cent,  as  given  in  the  report.  Yet  further,  with  reference  to  the 
temperatures  of  363'  and  120'  which  had  been  taken  for  calculating 
the  efficiency,  he  did  not  see  why  120'  had  been  used  as  the  lower 
temperature.  In  the  case  of  a  non-condensing  engine  it  was  not  the 
temperature  of  the  atmosphere  or  the  temperature  of  the  feed  water 
that  would  be  taken  as  the  lower  temperature,  but  the  temperature 
corresponding  with  the  back  pressure  of  the  atmosphere  on  the  day 
of  the  trial.  So  with  a  condensing  engine  it  was  the  temperature 
anssvering  to  the  back  pressure  in  the  condenser  that  should  be 
taken  as  the  lower  temperature,  which  would  be  about  140'.  This 
seemed  the  common-sense  view  of  the  matter,  because  the  feed 
water  could  always  be  heated  up  to  that  temperature,  theoretically 
at  any  rate,  inasmuch  as  the  exhaust  steam  itself  could  be  used 
to  heat  the  feed  water  uj)  to  nearly  its  own  temperature.  In 
comparison  therefore  with  such  an  engine  the  "  Meteor "  engines 
had  done  64 '3  per  cent,  of  what  they  could  possibly  be  expected 
to  do,  instead  of  only  the  54 '6  per  cent,  given  in  the  report. 
Their  performance  was  thus  about  a  fifth  better,  and  they  ought  to 
have  the  credit  for  it.     The  next  question  was  why  had  they  not 

*  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  xciii,   1888,  pages 
191  and  131. 
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done  better  still :  because  Gi  per  cent,  did  not  seem  a  great  deal 
to  do,  being  only  two-tliirds  of  what  was  tbeoretically  jjossible, 
although  in  the  report  they  were  spoken  of  as  economical  engines, 
and  in  comparison  with  ordinary  marine  engines  they  might  be  so. 
On  this  point  he  was  obliged  to  refer  to  what  ho  had  done  himself, 
because  he  did  not  hajipen  to  have  any  other  exi^eriments  with 
such  a  range  of  tcmjieraturo  for  comparison.  A  year  ago  he  had 
made  some  trials  with  an  engine  working  between  almost  the  same 
limits  of  temperature,  370'  and  15S'  Fahr.,  being  a  range  of  212' 
in  the  temperature  of  the  steam.  The  consumption  of  water  per 
indicated  horse-i^ower  was  15 '2  lbs.  per  hour,  as  against  15  lbs.; 
and  the  efficiency  G7  per  cent.,  as  against  64  per  cent.  Perhaps  it 
was  not  strictly  fair  to  compare  the  engines,  because  his  own  engine 
stood  on  a  space  only  two  feet  sq^uare  and  was  only  40  horse-power, 
while  the  "  Meteor "  engines  were  2,000  horse-power.  From  the 
indicator  diagrams  of  the  "  Meteor  "  engines  in  Plate  47  it  appeared 
that  in  the  high-pressure  cylinder  there  was  a  range  of  about  80'  in 
temperature,  in  the  intermediate  about  61°,  and  in  the  low-pressure 
about  95'.  These  three  ranges  added  together  amounted  to  about 
236',  or  about  13'  above  the  total  range  of  223'  from  363°  down 
to  140';  consequently  the  temperature  in  each  cylinder  really 
overlapped  that  in  the  next.  In  the  smaller  engine  with  which  he 
had  made  his  own  trials — a  non-condensing  engine  to  which  a 
condenser  had  been  added,  and  which  was  therefore  not  specially 
adapted  for  the  purpose — the  ranges  of  temperature  were  in  the 
high-pressure  cylinder  53',  in  the  intermediate  48',  and  in  the  low- 
pressure  when  it  had  the  condenser  attached  86°;  the  sum  of  these 
was  only  187°,  or  25'  less  than  the  total  range  of  212'.  This  he 
thought  had  something  to  do  with  the  better  result.  If  the  "  Meteor  " 
engines  had  always  gone  astern,  he  suggested  that  the  overlapping 
in  the  cylinder  temperatures  would  not  have  been  so  marked.  The 
indicator  diagrams  when  going  astern  were  flatter  at  the  bottom, 
Plate  54  ;  this  was  of  course  a  question  of  the  size  of  the  receiver, 
and  of  the  order  in  which  the  cranks  followed.  In  his  own  engine, 
where  with  a  total  range  of  212'  there  was  an  aggregate  range  in 
the  cylinders  of  25°  less,  the  improvement  was  due  in  part  to  the 
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fact  of  its  being  a  single-acting  engine,  and  in  part  to  the 
arrangement  of  receivers.  In  compound  engines  the  ranges  of 
the  cylinder  temperatures  ought  not  to  overlaj)  at  all ;  if  they  did, 
the  engine  could  not  be  regarded  as  really  a  compound  engine ;  it 
Avas  not  completely  compounded  unless  there  was  a  clear  separation 
between  the  temperatures  in  the  two  cylinders. 

With  reference  to  initial  condensation,  in  the  case  of  the  "  Meteor  " 
jacketed  engine  the  difference  between  the  quantity  of  steam 
measured  in  the  high-pressure  cylinder  and  the  total  steam  used 
(page  245)  was  22*9  per  cent.,  which  went  partly  in  the  jacket  and 
partly  in  initial  condensation.  In  his  own  smaller  engine,  which 
was  not  jacketed,  the  corresponding  quantity  was  only  8*8  per 
cent.  The  real  exj)lanation  he  thoiight  was  that  in  his  engine  the 
temperatures  w^ere  better  divided,  and  that  the  speed  was  400 
revolutions  per  minute,  whereas  the  "  Meteor  "  speed  was  only  80. 
It  was  to  high  Ej)eed  that  it  was  necessary  to  turn,  if  initial 
condensation  was  to  be  eliminated. 

With  regard  to  economy  in  large  engines,  his  view  had  always 
been  that  beyond  a  certain  limit  large  engines  would  not  be  more 
economical  than  small  ones.  Up  to  a  certain  jjoint  there  was  a 
gain  in  economy,  but  probably  beyond  500  horse-power  there  would 
not  be  much  gain.  Before  long  no  doubt  there  would  be  engines 
working  with  13  lbs.  of  feed  water  or  less  per  indicated  horse- 
power per  hour;  and  this  result  he  thought  would  be  attained  by 
engines  of  500  horse-power. 

Mr.  J.  Macfaelane  Gray  heartily  concurred  in  all  that  had 
been  said  regarding  the  value  of  the  work  done  by  the  Research 
Committee,  and  esjiecially  by  Professor  Kennedy  in  drawing  up  this 
report.  The  reports  of  the  Eesearch  Committees  of  the  Institution 
would  play  an  imijortant  part  in  the  education  of  engineers,  and  in 
all  books  on  the  steam  engine  they  would  be  frequently  quoted  as 
standards  of  reference,  in  respect  both  to  facts  and  to  methods  of 
treatment  of  facts  in  making  comj)arisons.  It  was  therefore  to  be 
regretted,  he  thought,  that  the  i)resent  report,  in  defining  the 
efficiency  of    the   perfect    engine,    had    departed   from   the   sound 
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principle  laid  down  by  Eankinc  and  Clausius.  In  page  215  it  was 
stated  that,  if  tlie  engine  had  been  "  perfect "  and  had  worked 
between  3G3°  and  120°  Fahr.,  it  should  have  turned  into  work  0-295 
of  the  heat  received  by  it.  But  he  chiimed  for  the  engine  that,  if 
the  reduction  of  temperature  were  duo  solely  to  the  performance  of 
work,  and  if  all  the  heat  which  disappeared  in  that  reduction  were 
converted  into  work,  then  would  it  be  a  perfect  engine ;  that  was 
what  Eankine  and  Clausius  had  defined  the  duty  of  a  perfect  steam 
engine  to  be.  According  to  this  view  the  duty  under  the  conditions 
named  in  the  report  was  only  0"2GG  of  the  heat  expended  on  the 
engine;  and  the  efficiency  was  therefore  really  60*6  per  cent,  of 
perfection,  instead  of  only  5-1 '6  per  cent,  as  given  in  the  report. 
No  one  knew  this  better  than  Professor  Kennedy  ;  and  probably  the 
reason  why  he  had  adopted  the  Carnot  function  for  expressing  the 
efficiency  was  merely  because  it  was  slightly  simpler  arithmetically. 
In  such  reports  however  he  considered  it  was  important  to  put 
forward,  not  that  which  was  most  easily  calculated,  but  that  which 
best  expressed  the  true  relation  of  the  facts.  Any  practical  engineer 
had  made  an  important  step  in  understanding  thermodynamics  when 
he  had  clearly  grasped  what  was  the  difference  between  the  two 
expressions  now  put  forward  for  the  efficiency  of  the  perfect  engine. 
The  Carnot  function  applied  to  every  element  of  a  heat  diagram 
separately,  each  for  its  own  range  of  temj)erature.  When  it  was 
applied  to  the  diagram  as  a  whole,  the  mean  range  of  temperature 
must  be  taken,  and  not  the  maximum  range  as  in  this  report.  The 
importance  of  adhering  to  the  accurate  facts  of  the  case  was  obvious 
when  it  was  considered  that  between  the  accurate  efficiency  and  the 
approximation  adopted  there  was  no  fixed  ratio.  Supposing  a  Davey 
motor  were  working  between  219°  and  139°  Fahr.,  and  a  Perkins 
engine  were  working  between  467^  and  139° ;  then,  according  to  the 
method  adopted  in  the  report,  the  efficiency  of  the  Perkins  engine  if 
perfect  would  be  as  much  as  3  times  that  of  the  Davey  motor  if 
perfect ;  whereas  according  to  Rankine  and  Clausius  the  duty  of  the 
perfect  Perkins  engine  would  be  only  2J  times  that  of  the  perfect 
Davey  motor;  at  the  lower  temperatures  of  219°  and  139°  the 
relative  difference  of  the    two   methods  was  only  3-73   per   cent., 
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wliereas  at  tlie  Liglier  temperatures  of  467°  and  139'  the  relative 
difference  was  9  per  cent.  The  approximation  adopted  in  tlie  report 
could  not  therefore  be  recommended  as  a  legitimate  standard  of 
comparison. 

Mr.  John  List,  as  a  member  of  the  Committee,  said  the  trial  that 
had  been  carried  out  by  Professor  Kennedy  and  other  members  of  the 
Committee  was  the  first  real  trial  at  sea  which  had  been  made,  and  was 
therefore  very  valuable.  However  much  might  be  known  about 
water  j)er  indicated  horse-power  in  land  engines,  nothing  had 
hitherto  been  known  about  water  per  indicated  horse-power  at  sea  ; 
and  therefore  the  report  was  of  great  value.  It  would  have  been 
more  interesting  however  if  the  jacket  water  could  have  been 
measured ;  but  having  himself  been  on  board  the  "  Meteor "  he 
had  seen  the  difficulties  that  had  to  be  encountered  in  carrying  out 
the  measurements,  and  he  was  sure  the  omission  to  measure  the 
jacket  water  was  unavoidable  under  the  circumstances,  because  the 
trials  had  to  be  carried  out  while  the  steamer  was  doing  her  regular 
work,  which  was  a  very  different  matter  from  making  experiments 
on  a  trial  trip.  If  they  could  have  a  ship  to  do  as  they  liked 
with,  taking  their  time,  and  making  such  alterations  as  were 
desired,  the  trials  might  be  easy  enough ;  but  to  carry  out  the 
experiments,  as  had  been  done  in  the  present  case,  without 
interfering  at  all  with  the  work  of  the  steamer,  was  really  a  very 
dififerent  thing,  and  it  reflected  great  credit  on  those  who  had  so 
carried  them  out. 

From  the  jacket  pressures  given  in  page  24:2  he  observed  that  the 
high-pressure  cylinder  was  jacketed  with  steam  at  131  lbs.  pressure, 
the  intermediate  at  77,  and  the  low-pressure  at  56  lbs.  The  last 
seemed  rather  a  high  pressure  to  use  in  the  low-pressure  jacket, 
rather  higher  he  thought  than  was  really  necessary ;  in  general 
practice  he  believed  it  was  more  usual  to  jacket  the  low-pressure 
cylinder  with  not  more  than  10  lbs.  above  the  initial  pressure  in 
that  cylinder.  It  would  be  interesting  if  it  were  possible  to  make 
trials  on  board  other  steamers  with  engines  not  fitted  with  jackets 
at  all ;   for  he  had  found   that   marine-engine  builders  were  very 
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unwilling  to  provide  jackets  now-a-days,  Whetlicr  it  was  a  matter 
of  first  cost  or  not,  he  was  not  prepared  to  say ;  but  lie  knew  that 
they  objected  greatly  when  jackets  were  specified,  and  there  seemed  to 
be  an  opinion  amongst  some  marine  engineers  of  considerable 
eminence  that  jackets  were  superfluous.  If  therefore  trials  could 
be  made  on  engines  which  were  thoroughly  jacketed  and  on  engines 
which  were  not  jacketed  at  all,  or  better  still  on  the  same  engines 
but  with  the  jackets  not  in  operation,  these  would  help  to  settle  a 
point  that  much  required  settling.  From  reasons  of  low  first-cost, 
or  of  the  risk  of  the  jackets  not  being  properly  attended  to,  it 
might  in  some  cases  be  advantageous  to  have  none ;  but  his  own 
experience  was  that  where  the  maximum  work  was  wanted  out  of 
an  engine  it  was  necessary  not  only  to  have  jackets  but  to  have 
them  efficiently  drained ;  and  he  had  found  the  best  plan  was  to 
make  them  automatic  in  draining.  If  the  jackets  were  left  to  be 
drained  by  some  one  attending  to  them,  they  might  be  full  of  water 
generally ;  but  by  adopting  simple  automatic  traps  he  had  found 
that  the  jackets  worked  practically  without  any  attention.  By  fitting 
a  pipe  on  the  jacket  of  the  first  cylinder  so  as  to  return  the  w'ater 
by  gravitation  to  the  boiler,  and  by  fitting  separate  reducing  valves 
on  the  jackets  of  the  two  other  cylinders,  with  an  automatic  trap 
to  each  jacket,  it  was  possible  to  render  the  jackets  entirely 
automatic  as  regarded  steam  supply  and  draining.  Another  point 
was  to  see  that  the  jackets  were  really  tight,  in  which  respect 
they  were  often  defective ;  and  unless  they  were  carefully  fitted 
there  was  a  considerable  loss.  It  would  also  be  interesting  if 
possible  to  test  an  engine  fitted  with  a  feed-heater  having  the  water 
heated  by  steam  taken  from  the  second  receiver,  as  was  now 
extensively  done :  in  order  to  find  what  the  difference  in  economy 
really  was  between  an  engine  with  and  without  such  an  arrangement. 
The  result  arrived  at  in  the  report  as  regarded  coal  consumption 
per  indicated  horse-power  per  hour  was  practically  the  same  as  the 
results  he  had  obtained  with  well  designed  triple-expansion  engines 
using  the  same  class  of  coal.  His  own  trials  had  been  of  considerable 
duration,  the  indicator  diagrams  had  been  carefully  taken,  and  the 
coal  carefully  measured;  and  the  result  came  out  very  much  the 
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same,  proving  tlierefore  tliat  tliis  was  the  best  that  could  be  done  with 
that  class  of  coal  and  with  an  average  good  triple-expansion  engine 
and  boiler. 

In  regard  to  the  statement  in  page  236  that  the  "  Meteor  "  engines 
were  fitted  with  double  piston-valves  on  the  second  and  third 
cylinders,  he  was  inclined  to  think  the  engines  would  have  been 
more  economical  if  thev  had  been  fitted  with  slide-valves. 

Mr.  Daniel  Adamson,  Vice-President,  said  that,  as  the  President 
had  been  kind  enough  in  his  opening  address  (page  218)  to 
characterise  as  bold  some  efforts  of  his  in  introducing  four  cylinders 
to  supersede  three  cylinders,  he  might  explain  that  as  early  as  1860 
lie  had  engaged  to  make  triple-cylinder  engines  to  drive  about 
700  horse-power,  and  had  carried  them  out  practically  and  put  them 
to  work  early  in  1862.  Subsec[uently  in  1872  he  had  made  a 
quadruple  engine,  and  had  read  a  paper  on  the  subject  which  had 
been  discussed  at  the  meeting  of  the  Iron  and  Steel  Institute  at 
Manchester  in  September  1875,  and  in  London  in  November  of  the 
same  year.  As  far  as  the  present  report  was  concerned,  he  certainly 
felt  that  he  ought  to  compliment  the  Chairman  of  the  Committee 
and  the  rest  of  the  members  upon  their  great  accuracy  and  care 
in  the  records.  It  appeared  they  had  not  taken  into  consideration 
whether  the  engine  was  a  good  one,  or  whether  its  valves  were 
accurately  working,  or  other  particulars  of  that  kind  ;  and  after 
having  himself  seen  so  many  indicator  diagrams  taken  from 
compound,  triple,  and  quadruple  engines,  he  had  come  to  the 
conclusion  that  those  now  shown  proved  that  they  had  been  taken 
from  a  moderate  engine  only.  The  boiler  appeared  to  be  of  ordinary 
marine  type  and  of  fair  proportions,  and  to  be  doing  a  moderate 
amount  of  work  in  proportion  to  its  power  and  to  the  area  of  its 
fire-grate ;  but  it  was  not  doing  work  commensurate  with  the  high 
steam-pressure  of  145  lbs.  per  square  inch  above  the  atmosphere. 
In  his  own  daily  practice  he  managed  to  get  quite  as  much  power 
per  square  foot  of  fire-grate  from  compound  two-cylinder  engines 
working  at  only  from  100  to  110  lbs.  boiler  pressure,  and  with  the 
same  piston-speed  of  from  500  to  600  feet  per  minute.     The  plan 
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of  stoking  tlic  fires  all  round  about  every  twenty-four  minutes  lie 
considered  was  a  serious  mistake,  and  he  should  Lave  preferred  to 
stoke  tlicm  in  two  sets  alternately  at  intervals  of  twelve  minutes.. 
Whenever  any  fire  had  just  been  replenished,  there  was  a  vigorous 
and  quick  distillation  of  volatile  gases  ;  and  especially  with  flues  the 
heat  left  above  the  fire  was  not  sufficient  to  ignite  a  large  portion  of 
those  volatile  gases ;  and  the  neighbouring  fire  being  in  as  bad  a. 
condition  in  consequence  of  all  being  stoked  together,  smoke  was 
produced,  which  passed  through  the  tubes  and  escaped  unconsumed 
up  the  chimney,  detracting  from  the  eifective  value  of  the  coal,  and 
producing  a  dense  black  cloud  from  the  top  of  the  chimney.  The 
consequence  was  seen  to  be  that,  even  with  147  lbs.  boiler  pressure 
and  363'^  temijeratuie,  the  maximum  power  obtained  appeared  from 
page  249  to  have  been  less  than  18  indicated  horse-power  per  square 
foot  of  fire-grate ;  and  the  boiler  was  therefore  not  doing  work 
equivalent  to  that  of  the  ordinary  boilers  which  had  been  made  by 
hundreds  in  Lancashire  and  Yorkshire  for  compound  engines 
working  with  a  pressure  of  only  110  lbs.  The  coal  used  in  the  trial 
might  be  called  a  moderate  steam  coal.  The  analysis  of  it  was  not 
as  complete  as  he  should  like  to  have,  because  the  nitrogen,  sulphur, 
and  oxygen  were  not  given  separately,  but  were  all  three  put  down 
together  at  10  per  cent.  There  must  have  been  a  considerable 
amount  of  sulphur,  because  of  the  large  quantity  of  clinker,  which 
mcst  probably  was  sulphate  of  iron. 

As  regarded  the  working  of  the  engine,  the  indicator  diagram 
from  the  high-pressure  cylinder  in  Fig.  5,  Plate  47,  did  not  show 
anything  like  a  clean  cut-oif.  He  should  also  like  to  see  its  exhaust 
side  following  the  steam  side  of  the  next  cylinder  more  accurately. 
In  the  quadruple  engine  already  referred  to,  of  double  tandem 
action,  and  without  intermediate  receivers  except  between  the  second 
and  third  cylinders,  a  considerable  uniformity  was  obtaiued  between 
the  exhaust  side  of  the  high-pressure  cylinder  and  the  steam  side  of 
the  following  cylinder  by  cutting  away  liberally  the  exhaust  side 
of  the  valve.  But  that  uniformity  it  must  be  manifest  imj)lied  a 
considerable  over-lap  of  temperature  in  the  two  cylinders,  because 
the  exhaust  terminal  pressure  and  temperature  in  the  first  cylinder 
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were  lower  than  the  initial  pressure  aud  temperature  in  the  second, 
which   was  a  desirable  condition.     When   originally  contemplating 
the  construction  of  triple  and  quadruple  engines,  he  had  naturally 
regarded  the  steam  engine  more  as  a  heat  engine  than  as  merely  an 
apparatus  for  the  expansive  working  of  steam  ;  and  had  therefore 
•considered  what  woukl  be  the  best  or  probable  range  of  temperature 
between    the   initial   and   the   terminal  pressure   of  each   cylinder. 
From  the  evidence  afforded  by  a  large  number  of  Lancashire  mill- 
engines,  both  compound  and  single-cylinder,  he  had  found  that  the 
greatest  range  of  temperature  in  any  one  cylinder,  which  corresponded 
with   the  highest  degree   of  expansion,  usually  gave  worse  results 
than  a  lower  range  of  temperature  and  expansion.     It  was  therefore 
manifest  that  in  order  to  get  the  highest  possible  duty  out  of  high- 
pressure  hot  steam  it  must  be  worked  while  at  high  pressure  in  a 
hot   cylinder    only,  and  afterwards    at   lower   pressure  in  a  larger 
cylinder.     He  did  not  agree   in   the    desirability  of  jacketing   the 
low-pressure  cylinder  with  steam  not  more  than  10  lbs.  above  the 
initial  working  pressure  in  that  cylinder,  as  mentioned  by  Mr.  List 
{page  267)  ;  but  neither  was  he  an  advocate  for  jacketing  the  first  or 
bigh-pressure  cylinder.     Where  there  was  so  high  a  temperature  as 
363^  Fahr.  for  the  initial  steam  in  the  high-pressure  cylinder,  there 
was  naturally  some  tendency  at  high  speeds  to  the  piston  grooving, 
■galling,  or    seizing    the    cylinder.     If  the    high-pressure   cylinder 
was  jacketed  at  all,  it  should  not  be  jacketed  with  steam  at  lower 
pressure  and  therefore  lower  temperature  than  the  initial  steam  inside 
the  cylinder,  as  seemed  from  page  242  to  have  been  the  case  with  the 
high-pressure  cylinder  in  the  trial,  where  the  boiler  pressure  was 
145  lbs.,  while  the  pressure  in  the  first  jacket  was  only  131  lbs.     If 
it  was  practically  desirable  to  work  high-pressure  hot  steam  at  360^ 
temperature  in  a  jacketed  cylinder,  it  was  far  more  practical  aud  far 
more  desirable  he  considered  to  jacket  the  intermediate  and  low- 
pressure  cylinders  with  steam  at  the  same  temperature  of  360^,  and 
thereby  call  into  operation  the  law  discovered  by  Dalton  in  Manchester 
in  1801,  and  by  Gay  Lussac  in  France  at  the  same  time,  that  tmder 
constant   pressure    steam   and   all    gases    doubled    their    volume   at 
32^  Fahr.  by  increasing  their  temperature  480^   above  32^.     Now 
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going  on  further  to  tlio  low-pressure  cylinder,  it  seemed  to  liim 
strange  to  jacket  it  witli  steam  at  only  50  lbs.  pressure  having  a 
temperature  of  30-1",  when  the  boiler  steam  of  3G0"  might  bo  used 
without  any  doubt  of  success,  increasing  the  temperature  in  tho 
jacket,  and  giving  rise  to  20  or  30  per  cent,  increase  of  volume  in 
the  steam  used  in  the  low-in-cssure  cylinder  alone.  Tho  practice  he 
recommended  was  thus  in  the  inverse  order  of  the  course  exemplified 
in  page  212  of  the  report ;  and  unless  that  practice  was  carried  out, 
he  was  of  opinion  that  the  success  vfliich  ought  to  be  attained  with 
triple-expansion  engines  would  not  be  realised. 

With  regard  to  the  power  developed  by  the  three  several  cylinders 
(page  243),  he  should  certainly  aim  in  triple  or  quadruple  engines  at 
getting  as  much  duty  out  of  the  first  cylinder  as  out  of  the  second, 
and  approximately  as  out  of  the  third  or  fourth.  This  had  not  been 
accomplished  in  the  trial  reported.  Taking  the  set  of  indicator 
diagrams  shown  in  Plate  47,  the  indicated  horse-power  recorded  on 
them  for  the  successive  cylinders  was  seen  to  be  GG6  in  the  first, 
512  in  the  second,  and  831  in  the  third.  In  his  own  practice  he 
always  endeavoured  to  get  as  much  work  as  possible  out  of  the  steam 
before  it  was  expanded  down  to  atmospheric  pressure  ;  because  when 
it  reached  that  pressure  in  the  low-pressure  cylinder,  as  it  usually 
di;l  at  about  half  stroke  as  seen  in  Fig.  7,  Plate  47,  it  had  already 
done  about  three-quarters  of  all  the  work  it  could  do  in  that  cylinder, 
as  also  seen  from  the  same  diagram  ;  and  there  remained  therefore 
only  the  one  quarter  more  to  be  gained  from  the  latter  half  of  the 
stroke.  In  the  jn-esent  case  the  first  two  cylinders  together  yielded  a 
total  of  only  1,178  HP.,  while  the  third  alone  yielded  831  ;  whereas 
with  2,009  total  indicated  HP.  in  the  three  cylinders  he  was  satisfied 
an  engine  could  not  be  considered  economical  unless  at  least  two- 
thirds  of  its  power,  or  fully  1,400  HP.,  were  developed  in  the  first 
two  cylinders.  Engines  so  proportioned  he  was  satisfied  would  give 
an  indicated  horse-power  for  at  least  as  little  as  Ij  lbs.  of  coal  per 
hour.  The  report  appeared  to  him  to  present  an  accurate  record  of 
an  engine  that  was  not  doing  such  good  work  as  it  might  do ;  and 
the  eflbrts  of  the  Cummittee  he  thought  should  be  directed  to 
illustrating  what  cou^d  be  done  by  the  best  engines,  instead  of  to 
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obtaining  results  from  inferior  engines.  The  present  record  lie  hoped 
would  lead  to  better  practice  in  the  future  :  particularly  as  regarded 
the  amount  of  reduction  of  temperature  which  should  be  permitted 
in  any  one  cylinder,  and  the  time  A^hich  should  be  allowed  for  it  to 
take  place  in.  At  a  former  meeting  (Proceedings  1881,  page  502)  he 
had  dwelt  upon  the  j)ractical  advantage  of  distributing  the  action  of 
high-pressure  steam  over  three  or  four  crank-pins,  whereby  a  marine 
engine  could  be  run  at  a  high  jnston-speed  without  heating  the 
journals,  and  without  any  possible  chance  of  injury  to  the  screw- 
propeller  shaft.  It  was  true  that  some  engineers  were  of  opinion 
that  one  cylinder  was  practically  as  good  as  three  or  four,  as  regarded 
the  expansive  action ;  but  certainly  with  regard  to  practical  results 
there  could  be  no  question  that  by  the  use  of  three  or  four  cylinders, 
each  striking  a  blow  of  only  a  third  or  a  quarter  of  the  force  on  the 
crank-pin,  the  endurance  of  the  crank  shaft  must  necessarily  be 
greatly  enhanced,  while  at  the  same  time  its  diameter  might  be 
diminished  and  its  speed  of  revolution  increased.  A  higher  velocity 
he  was  convinced  w^as  a  most  imjiortant  element  in  realising  the 
highest  duty  from  every  cylinder,  whether  high-pressure  or  low- 
pressure  steam  was  put  into  it,  esj)ecially  with  multiple  cylinders. 

Professor  James  H.  Cotterill  considered  the  data  furnished  in 
the  report  were  rendered  particularly  valuable  by  the  large  scale  on 
which  the  experiments  had  been  made  and  by  their  accuracy,  and 
also  by  the  fact  that  the  engine  on  which  they  had  been  carried  out 
was  a  triple-expansion  engine.  With  regard  to  the  criterion  of 
perfection  that  should  be  adopted,  it  seemed  to  him  that  the  question 
was  mainly  one  of  practical  convenience,  and  that  there  must  of 
necessity  be  something  conventional  and  arbitrary  in  any  standard  of 
perfection.  For  instance,  in  the  case  of  an  ordinary  condensing 
engine  working  between  the  limits  of  temperature  of  the  boiler  and 
the  condenser,  why  was  it  that  for  the  suj)erior  limit  the  temperature 
taken  should  be  that  of  the  boiler,  and  not  that  of  the  furnace  ? 
Evidently  because  the  loss  of  temperature  between  the  furnace  and 
the  boiler  was  regarded  as  inherent  in  the  nature  of  every  steam 
engine.     Again   in  a  non-condensing   engine,    why  was   the   lower 
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teinperaturo  taken  at  212^,  corresponding  with  the  pressure  of  the 
atmosphere  ?  Evidently  because  tlie  excess  of  pressiire  of  the 
atmosphere  above  that  in  a  condenser  was  regarded  as  a  loss  inherent 
in  the  nature  of  a  non-condensing  engine.  In  all  cases  therefore  it 
was  necessary  to  consider  at  the  outset,  in  reference  to  the  standard 
of  pei'fcction  to  bo  adojited,  wliat  wei"e  the  losses  inherent  in  the 
nature  of  the  engine.  Therefore  the  question  raised  by  Mr.  Willans 
and  Mr.  Macfarlane  Gray  seemed  to  be,  whether  the  loss  by 
misapplication  of  heat  to  the  feed  water  was  to  be  regarded  as  one 
that  was  inherent  in  the  nature  of  the  engine,  or  whether  it  should  be 
regarded  as  one  that  could  be  avoided.  lustead  of  applying  heat  direct 
to  the  feed  water,  it  was  possible  theoretically  to  raise  its  temperature 
by  compressing  condensed  steam  before  it  was  wholly  condensed,  and 
so  raising  its  temperature  to  that  of  the  boiler.*  This  had  even  been 
attempted  practically ;  and  if  it  had  not  yet  succeeded  in  practice, 
the  reason  was  not  because  the  principle  in  itself  was  not  right,  but 
simply  because  the  practical  difficulties  at  present  in  the  way  were 
such  that  the  gain  was  not  equal  to  the  loss  which  would  be  involved 
on  account  of  friction  and  so  on.  It  appeared  to  him  that  the 
question  in  regard  to  any  standard  of  perfection  was  whether  the  loss 
was  or  was  not  to  be  regarded  as  inherent  in  the  nature  of  the 
engine.  If  it  were  regarded  as  a  loss  which  could  theoretically  be 
avoided,  then  the  formula  which  gave  the  higher  standard  was  the 
right  formula  to  adopt.  If,  on  the  other  hand,  all  idea  of  reducing 
the  loss  were  given  up,  then  the  lower  standard  of  perfection  was 
right,  as  taking  that  fact  into  account.  As  a  matter  of  practice  he 
should  certainly  say  that  this  particular  loss  in  an  ordinary  steam- 
engine  might  now  be  regarded  as  unavoidable,  and  that  the  better 
standard  of  perfection  to  take  was  therefore  that  which  recognised 
the  operation  of  an  ordinary  steam-engine.  Still  he  thought  it  worth 
while  to  point  out  that  it  was  really  a  conventional  question,  a 
matter  of  convenience,  not  a  matter  of  principle. 

As  to  the  liquefaction  in  the  cylinders  (page  24.5),  it  was  striking 
to  see  how  nearly  equal  the  liquefaction  was  in  the  three  cylinders. 

*  The  Steam  Engine  considered  as  a  Heat  Engine ;  by  James  li.  Cotterill. 
1878,  pages  202-3. 
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The  comparison  was  of  course  imperfect,  because  no  measurements 
of  jacket  water  were  given,  and  therefore  the  precise  amount  of 
liquefaction  in  the  cylinder  itself  could  not  be  known  with  certainty. 
But  liquefaction  in  the  jacket  seemed  to  imply  liquefaction  in  the 
cylinder  ;  the  one  was  necessarily  dependent  more  or  less  on  the 
other.  Therefore  it  could  not  be  doubted  that  there  must  be 
considerable  liquefaction  in  the  cylinder  itself;  and  it  would  seem 
that  the  three  cylinders  were  nearly  equal  in  this  matter,  and  they 
would  be  still  more  nearly  equal  if  the  difference  in  the  range  of 
temperatures  in  the  three  were  taken  into  account.  It  was  striking  to 
find  that  this  was  so,  when  it  was  considered  that  the  surface  in  the 
low-pressure  cylinder  must  be  so  very  much  greater  than  in  the 
high-pressure  cylinder.  There  was  a  difficulty  in  the  way  of 
supposing  that  no  condensation  of  steam  was  produced  by  the 
•cylinder  surface.  Of  course  the  very  fact  that  there  was  liquefaction 
in  the  jacket  made  it  difficult  to  suppose  that  the  metal  of  the 
cylinder  itself  was  not  operative  in  condensing  the  steam  during 
the  stroke,  and  that  any  water  present  in  tlie  cylinder  was 
simply  a  consequence  of  that  which  remained  after  the  exhaust, 
collected  together  in  small  quantities  in  the  angles  of  the  piston, 
or  deposited  in  a  dew  on  the  cylinder  walls.  The  suggestion  made 
by  Major  English  (Proceedings  1887,  j)age  505),  and,  if  he  mistook 
not,  by  Mr.  Willans  *  also,  seemed  to  be  worthy  of  consideration : 
whether  the  action  of  a  square  foot  of  condensing  surface  was  not 
greater  with  steam  at  a  higher  density  than  at  a  lower  density. 
Such  was  known  to  be  the  case  in  the  heating  and  cooling  of  air  by 
surfaces ;  the  same  might  perhaps  be  true  for  steam,  though  the  two 
cases  were  very  different. 

AVith  regard  to  the  method  adopted  for  expanding  or  combining 
the  three  diagrams  in  Plate  48,  it  seemed  to  hira  that  the  expansion  of 
the  diagrams  should  be  in  proportion  not  to  the  actual  volume  of  the 
cylinders  but  to  their  effective  volume,  taking  account  not  merely  of 
clearance  but  of  compression  ;  whereas  in  Plate  48  he  understood  that 
the   actual  volumes  of  the  cylinders  were  taken   for  making  the 


*  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  xciii,  1888,  page  155. 
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expansion,  including  the  total  clearance  space.  Then  the  process  of 
subtraction  adopted  in  setting  back  the  dotted  curves  to  the  zero 
ordinate  of  volume  was  no  doubt  valid  so  far  as  concerned  the  process 
of  admission  and  expansion  before  the  steam  was  released ;  but  it 
seemed  to  give  no  useful  information  after  release,  during  the  process 
of  exhaustion  and  compression. 

Major  English,  E.E,,  cnqTiired  whether  any  special  importance 
■was  attached  to  the  combination  of  the  three  indicator  diagrams  in 
Plates  48  and  49,  and  whether  one  mode  of  combinirg  was  considered 
better  than  the  otlier,  or  whether  there  Avas  any  advantage  in 
combining  the  diagrams  at  all.  If  the  diagrams  were  combined  in 
either  of  the  ways  shown,  it  appeared  to  him  that,  in  considering  any 
question  connected  with  initial  condensation  or  re-evaporation,  the 
changes  which  the  steam  might  undergo  in  the  receivers  between  the 
cylinders  ought  to  be  taken  into  account,  in  order  to  make  any 
comparison  either  with  a  single  saturation  curve  or  with  a  separate 
curve  for  each  cylinder.  It  would  therefore  be  necessary  to  get 
indicator  diagrams  also  from  the  two  receivers.  It  seemed  to  him 
however  that  in  considering  the  question  of  condensation  there  was  very 
little  occasion  to  combine  the  diagrams  at  all,  and  that  each  cylinder 
could  well  be  treated  as  a  separate  engine,  receiving  steam  either  in 
the  case  of  the  high-pressure  cylinder  from  the  boiler,  or  in  the  case 
of  the  others  from  the  receiver  which  acted  as  a  boiler.  For  all 
questions  of  condensation  the  calculations  would  be  much  simplified 
by  treating  each  cylinder  in  a  separate  manner.  His  only  reason  for 
alluding  to  this  matter  was  that,  where  reference  was  made  in  the 
report  (page  246)  to  such  calculations  based  on  the  exj^eriments, 
the  combined  diagrams  only  were  mentioned.  One  other  question 
that  he  would  ask  was  whether  the  area  of  the  initial  condensing 
surfaces  under  the  valves  could  be  approximately  ascertained ;  if 
so  it  would  facilitate  some  calculations.  Also  could  the  volumes  of 
the  two  receivers  be  stated  ? 

Professor  W.  Cawthorne  Ukwin,  member  of  the  Committee,  having 
had  a  good  deal  to  do  with  experimenting  on  steam  engines,  sometimes 
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not  under  the  best  conditions,  would  enter  a  protest  against 
Mr.  Adamson's  view  that  the  experiments  ought  to  be  conducted  only 
with  the  best  engines.  In  such  experiments  as  these  the  object 
sought  was  to  understand  the  action  of  the  steam  in  the  engine  ;  and 
often  more  light  would  be  thrown  on  this  subject,  and  the  construction 
of  good  engines  would  be  better  advanced,  by  experimenting  with 
steam  acting  in  bad  conditions  than  when  acting  in  good  conditions. 
Furthermore  these  experiments  had  been  made  with  a  triple  engine 
usually  reckoned  to  be  of  a  pretty  good  tyjje,  but  about  which  hitherto 
no  exact  data  had  been  ascertained  as  to  the  amount  of  steam  used. 
It  was  a  gain  to  science  to  know  that  an  engine  of  this  kind  worked 
Avith  15  lbs.  of  feed  water  per  indicated  horse-power  per  hour;  and 
as  it  worked  with  this  amount  of  feed  water,  he  was  inclined  to 
think  it  was  after  all  not  a  bad  engine.  There  were  few  engines,  on 
which  anything  like  accurate  experiments  had  been  made,  that  were 
working  with  a  smaller  amount  of  steam. 

In  reference  to  the  combined  and  expanded  indicator  diagrams 
on  which  saturation  curves  were  drawn,  Plates  48  and  49,  diagrams 
of  this  kind  were  meant  to  convey  iDformation  to  engineers ;  and  in 
order  that  they  might  do  so  readily,  they  should  become  recognised 
conventions ;  and  therefore  there  was  some  use  in  discussing 
what  form  of  diagram  was  most  convenient,  in  order  that  it  might 
be  generally  adoj)ted,  and  that  it  might  therefore  be  seen  at  onco 
what  the  diagram  meant.  Two  modes  of  combining  diagrams  were 
shown,  and  the  rej)ort  rather  implied  that  they  both  conveyed  the 
same  information ;  but  he  wished  to  point  out  that  this  was  not  the 
case,  and  that  there  was  a  distinct  convenience  in  adopting  one  of 
those  modes  rather  than  the  other.  In  the  first  mode  of  combining 
the  diagrams,  shown  in  Plate  48,  it  appeared  to  him  that  two  different 
modes  of  dealing  with  the  diagrams,  having  two  quite  different 
objects,  had  got  mixed  together.  In  the  discussion  on  Mr.  Willans's 
paper  (Proceedings  Inst.  Civil  Engineers,  vol.  xciii,  1888,  page 
220,  and  Fig.  5,  Plate  4)  Mr.  Macfarlane  Gray  had  given  a 
diagram  very  similar  to  that  in  Plate  48.  The  horizontal  intercepts 
of  the  diagram,  such  as  DE,  were  carried  back  to  the  zero  line  at 
AB.     Thus  the  clearanc3  was    eliminated,   and  diagrams  like  the 
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dotted  diagrams  in  Plate  48  were  obtained  of  tlie  same  area  as  tlio 
actual  diagrams.  But  then  in  Mr.  Macfarlane  Gray's  diagram  tlio 
line  SS  was  not  a  saturation  curve,  but  an  adiabatic  curve  ;  and  the 
reason  was  clear.  Mr.  Gray's  object  was  to  compare  the  area  of  the 
actual  diagrams  obtained  in  an  engine  with  the  area  which  would 
be  obtained  in  what  might  bo  regarded  as  a  practically  perfect 
engine.  The  area  to  the  adiabatic  curve  was  the  work  which  would 
be  obtained  in  an  engine  with  perfect  valve-gear,  without  clearance 
or  waste  spaces,  and  in  which  there  was  no  condensing  action  of  the 
cylinder  wall.  The  whole  object  of  Mr.  Gray's  diagram  was  this 
comparison  of  areas.  If  the  actual  diagrams  gave  say  77  per  cent, 
of  the  area  to  the  adiabatic  curve,  that  conveyed  quite  definite  and 
distinct  information  as  to  the  degree  in  which  the  more  or  less 
removable  defects  of  the  steam  engine  had  been  overcome. 

In  Professor  Kennedy's  diagrams,  Plate  48,  a  saturation  curve  SS 
was  drawn,  in  place  of  an  adiabatic  curve ;  and  therefore  there  was  no 
longer  place  for  a  comparison  of  areas.  The  only  object  of  drawing 
a  saturation  curve  was  to  examine  the  condition  of  the  steam  as  to 
dryness ;  and  if  this  were  the  object,  then  he  thought  that  the 
diagram  in  Plate  49  gave  a  right  result,  and  the  diagram  in  Plate  48 
an  erroneous  result.  Professor  Kennedy  had  said  that  the  ratio  of 
AB  to  AC  in  Plate  48  was  the  dryness  fraction  of  the  steam.  The 
dryness  fraction  must  be  the  dryness  fraction  at  some  definite  point 
of  the  stroke.  It  was  true  that  AC  represented  the  volume  of  so 
much  steam  as  entered  the  cylinder  per  stroke.  But  AB  was  not  the 
actual  volume  of  steam  in  the  cylinder  at  any  given  point  of  the 
stroke  ;  it  was  the  difference  between  the  quantity  of  steam  in  the 
cylinder  at  a  point  of  the  forward  stroke,  and  that  in  the  cylinder 
4it  a  corresj)onding  point  of  the  backward  stroke.  AB  -4-  AC  was 
therefore  not  a  ratio  which  gave  the  condition  of  the  steam  at  any 
period  of  its  action  in  the  engine. 

If  however  the  diagram  was  plotted  out  as  shown  in  Plate  49, 
then  one  fact  about  the  action  of  the  engine  was  arrived  at,  which 
it  was  useful  to  study  just  now.  Unfortunately  in  drawing  the 
saturation  curve  in  this  diagram  the  jacket  steam  was  included ;  and 
that  appeared  to  him  to  make  it  useless  to  draw  a  saturation  curve  at 
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all.  But  if  the  jacket  steam  were  exchideclj  then  the  diagram  did 
really  give  the  actual  dryness  fraction  of  the  steam  for  every  point 
of  the  expansion.  Taking  any  horizontal  abscissa,  QA  was  the 
clearance  steam,  AC  the  steam  admitted  per  stroke,  QB  the  steam 
existing  as  steam  in  the  cylinder  and  clearance ;  consequently  BC 
was  the  steam  which  must  be  condensed  and  existing  as  water  in  the 
cylinder  and  clearance.  The  dryness  fraction  was  QB  -^-  QC.  Of 
course  that  was  not  everything  which  was  wanted  to  be  known  about 
the  diagrams.  But  it  did  give  quite  accurately  and  distinctly  one 
set  of  facts  which  it  was  useful  to  know.  According  to  the  run  of 
the  saturation  curve  in  Plate  49,  su2)posing  it  drawn  with  the  jacket 
steam  excluded,  it  could  be  seen  at  a  glance  whether  condensation 
or  re-evaporation  was  going  on  in  the  engine  during  expansion,  and 
whether  the  action  of  the  cylinder  wall  was  important  or  not. 

Mr.  John  G.  Mair,  Member  of  Council,  and  member  of  the 
Committee,  was  of  opinion  that  the  question  of  the  standard  by 
which  to  comi^are  engines  was  one  of  considerable  importance.  In 
deducing  from  an  indicator  diagram  the  work  done,  the  diagram 
should  be  measured  down  to  a  line  of  perfect  vacuum,  because  often 
a  bad  air-pump  or  inefficient  means  of  condensation  would  give  aii 
imperfect  vacuum ;  and  the  loss  from  this  source  was  greater  in 
proportion  with  a  high  rate  of  ex2)ansion  and  consequently  a  small 
mean  pressure,  than  with  an  engine  carrying  steam  farther  through 
the  stroke  and  having  therefore  a  greater  mean  pressure.  No  doubt 
from  a  commercial  point  of  view  the  air-pump  and  condensing 
.  arrangements  should  be  taken  as  part  of  the  engine  ;  but  for  scientific 
purposes  the  above  loss  should  not  be  allowed  to  influence  the 
comparison,  as  it  otherwise  so  unfairly  did. 

It  was  a  question  whether  the  steam  engine  as  it  now  existed 
could  properly  be  compared  with  a  perfect  heat-engine  according 
to  Carnot's  theory;  and  it  was  doubtful  whether  Carnot  himself 
would  so  apply  his  theory,  inasmuch  as  the  conditions  of  working 
with  air  or  with  a  permanent  gas  were  absolutely  different  from 
those  that  pertained  to  a  fluid  like  steam,  working  in  a  cylinder  of 
which  the  walls  were  alternately  condensers  and  evaporators,  and  iiii 
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each  capacity  produced  a  greater  effect  on  steam  than  on  a  permanent 
gas :  on  tliis  point  ho  agi-eed  with  Mr,  WilLans  and  Mr.  Gray. 
Although  it  was  known  that  the  ajiplication  of  a  steam-jacket  was 
directly  counter  to  the  requirements  of  a  perfect  engine  as  laid  down 
by  Carnot,  nevertheless  such  a  misapplication  of  heat  did  directly 
tend  to  economy.  Incomplete  expansion  was  another  source  of 
serious  loss  which  could  not  be  avoided  ;  while  at  the  same  time  the 
peculiar  nature  of  steam,  which,  unlike  a  permanent  gas,  contained 
so  much  internal  heat,  required  that  the  exhaust  to  the  condenser 
should  be  closed  before  the  termination  of  the  stroke,  and  that  the 
mixture  of  water  and  steam  then  existing  in  the  cylinder  should  be 
raised  to  the  boiler  temperature  by  compression,  and  not  by  heat  as 
was  now  done.  Thus  the  steam  engine,  on  account  of  the  present 
methods  of  working  the  fluid  in  it,  did  not  by  a  long  way  conform 
with  a  perfect  heat-engine ;  and  it  therefore  appeared  that  it  was 
certainly  not  a  practical  way  to  compare  the  efficiency  of  steam  engines 
by  Carnot's  theory.  It  was  better  by  far  to  take  the  heat  used  by 
the  engine,  and  to  compare  the  power  actually  developed  therefrom 
with  the  power  equivalent  to  the  heat  used.  In  the  "  Meteor  "  trial 
265  •  G  thermal  units  were  used  per  indicated  horse-power  per  minute 
{page  244)  ;  and  comparing  this  with  the  equivalent  of  one  horse- 
power per  minute,  or  42  •  75  thermal  units,  the  absolute  efficiency 
was  16*1  per  cent.  The  engine  of  the  "Meteor"  had  been  spoken 
of  by  Mr.  Adamson  as  not  a  good  engine  ;  but  he  considered  it  was 
a  good  one,  inasmuch  as  the  best  result  he  knew  of  previously 
published  was  that  obtained  with  the  Boston  sewage  engine,  a 
compound  engine  designed  by  Mr.  E.  D.  Leavitt,  which  used  274 
thermal  units  per  horse-power  per  minute,  showing  in  comparison 
with  the  42  •  75  thermal  units  per  horse-power  an  actual  efficiency  of 
15  •  5  per  cent.  It  was  true  that  the  indicator  diagrams  from  the 
*'  Meteor "  were  not  perfect ;  but  it  was  well  known  that  it  was  not 
always  the  best  looking  diagrams  which  gave  the  most  economical 
results.  From  Plate  49  it  was  seen  that  the  exj)anded  diagrams 
covered  only  about  two-thirds  of  the  total  area  which  would  be 
occupied  by  perfect  diagrams :  so  that  there  was  evidently  some 
room  for  imjirovement. 
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Mr.   WUiLiAM   Andeeson,   Vice-President,   and   member  of  the 
Committee,  pointed  out  that  the  subject  of  the  report  was  not  the 
quality  of  the  engine,  which  the  owners  had  been  good  enough  to  lend 
for  the  purpose  of  this  trial ;  nor  were  the  Committee  responsible 
for  the  alleged  bad  stoking.     The  engine  had  been  doing  its  regular 
work,  and  the  experimenters  had  been  there  only  on  sufferance,  to 
make  such  observations  as  they  could  during  the  regular  working  of 
the  engine.     No  one  who  was  not  a  marine-engine  builder  would  be 
likely  he  thought  to  succeed  in  making  a  better  engine,  or  even  one 
so  good.      A  marine  engine  was  not  to  be  judged  by  the  indicator 
diagrams  alone,  but  by  many  other  points  of  great  importance ;  so 
that  the  construction  of  a  marine   engine  required  a  great  deal  of 
experience   as   well   as  theoretical  knowledge.     All  the  documents 
and  facts  collected  in  this  trial  would  be  preserved  in  the  Institution, 
so  that  any  one  who  was  much  interested  in  the  subject  would  be 
able  to  get  all  the  data  from  the  original  papers. 

In  the  analysis  of  the  coal    (page  237)  he   noticed  what  was 

somewhat  unusual,  namely  that  10  •  68  per  cent,  of  water  was  included, 

by  which  he  supposed   was   meant   the  dampness  of  the  coal.     In 

regard  to  the  calorific  value  of  the  coal,  which  was  given  as  12,790 

thermal  units  (page  238),    he   should   like   to   know  whether  this 

included  the  water,  or  whether  it  was  calculated  on  the  dry  fuel. 

Again  the  statement  on  page  244  did  not  seem  quite  clear  as  to  the 

difference  between  ash  and  clinker.     It  was  stated  that  "the  sample 

of  coal  analysed  being  free  from  clinker,  the  4  per  cent,  of  clinker 

may  roughly  be  said  to  correspond  to  a  loss  of  about  3  per  cent,  of  the 

.  whole  heat."     The  analysis  (p.  237)  spoke  of  ash  only ;  but  in  this  he 

supposed  were  included  materials  of   which  clinker  was  composed, 

except  what  came  from  the  fire-bars,  which  however  could  not  be 

much.     Perhaps  Professor  Kennedy  would  explain  the  difficulty. 

Another  point  on  which  he  should  like  information  was  as  to  the 
means  by  which  the  feed  water  was  heated  in  the  apparatus  devised 
by  Mr.  Clephane  (page  241)  ;  whence  came  the  heat  imparted  to  the 
feed  water  ? 

Of  these  experiments,  which  were  the  best  that  could  be  made 
under   the   circumstances,  it  was   impossible   to   speak   too   highly 
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oitlicr  as  to  their  value  or  as  to  the  way  in  which  they  had  been 
carried  out.  Some  of  the  desired  data  however  had  not  been 
obtained ;  and  he  hojicd  therefore  that  the  experiments  would  be 
repeated  at  no  distant  day,  and  that,  profiting  by  the  experience 
already  acquired,  the  deficiencies  would  be  made  good.  The 
unfortunate  accident  to  the  bottles  of  gases  was  greatly  to  be 
regretted,  because  there  was  only  one  analysis  available  (page  241)  ; 
and  he  thought  it  was  doubtful  whether  much  could  be  built  upon 
this,  because  it  further  appeared  (page  244)  that  the  quantity  of  air, 
22  lbs.  per  pound  of  carbon,  must  be  a  great  deal  too  high.  The 
depth  of  the  fuel  on  the  fire-bars,  he  thought,  would  militate  much 
against  so  large  a  consumption  of  air.  Coal  of  the  quality  used 
would  hardly  require  theoretically  more  than  11  lbs.  of  air,  and 
18  lbs.  would  be  a  very  liberal  allowance  per  pound  of  coal. 
Moreover  in  the  theoretical  aspect  of  the  experiments  it  was  assumed 
that  the  steam-jackets,  the  cylinder  liners,  and  the  piston-valves  were 
tight,  and  in  fact  that  the  engine  was  mechanically  perfect ;  but  this 
was  hardly  likely  to  be  the  case,  especially  with  piston-valves.  He 
agreed  with  Mr.  List  (page  269)  that  it  would  have  been  better  if  the 
low-pressure  cylinder  had  been  fitted  with  a  slide-valve,  because 
there  was  a  considerable  difficulty  in  keeping  large  piston-valves 
tight. 

Mr.  John  E.  Fothergill  considered  there  could  be  no  question  as  to 
the  great  advantage  of  a  standard  system  of  engine  testing,  determined 
from  actual  data  obtained  from  the  working  of  marine  engines  under 
normal  conditions ;  but  in  order  that  any  such  mode  of  comparison 
should  be  of  practical  value,  the  method  of  investigation  should  be 
most  complete  in  every  detail,  so  as  to  receive  universal  approval. 
If  it  was  in  the  power  of  the  Committee,  it  appeared  to  him  that 
they  should  particularly  endeavour  to  choose  for  investigation  such 
engines  as  might  in  their  general  dimensions  and  details  compare 
with  the  most  accepted  practice  of  the  iirincij^al  marine-engine 
builders ;  for  the  fact  must  be  recognised  that  engine  builders  of  late 
years  had  not  been  working  in  the  dark  :  most  of  the  principal  firms 
had  a  scientific  staff  in  connection  with  their  works,  by  whom  he 
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AvouLl  suggest  that  a  j)reliminary  enquiry  or  trial  slioulJ  be  carried 
out,  before  complete  arrangements  were  made  for  a  thorougli 
investigation. 

In  the  "  Meteor  "  he  noted  the  ratio  of  the  cylinders  did  not 
■conform  with  the  practice  of  many  builders  :  the  high-pressure 
■cylinder  was  exceptionally  large  in  jn-oportion  to  the  low-pressure, 
and  there  was  no  doubt  the  stresses  and  strains  must  consequently  be 
beavy.  In  the  indicator  diagrams  shown  in  Plate  47,  representing 
the  average  of  those  taken  during  the  trial,  and  he  presumed  at  the 
visual  running  speed,  it  would  be  noticed  that  the  intermediate 
cylinder  showed  23  per  cent,  less  power  than  the  high-pressure, 
whereas  the  low-j^ressure  showed  2i  per  cent,  more  than  the  high- 
pressure  ;  this  certainly  should  not  be  the  case  in  a  well-arranged 
engine.  Then  again  the  range  of  temperature  in  the  several 
cylinders  appeared  to  be  most  unsatisfactory ;  in  the  high-pressure 
cylinder  he  made  it  out  to  be  78^  Fahr.,  in  the  intermediate  59", 
and  in  the  low-pressure  cylinder  98^.  Therefore  the  intermediate 
cylinder  showed  a  range  of  temperature  24  per  cent,  less  than  in  the 
Tiigh-pressure,  and  the  low-pressure  cylinder  showed  a  range  66  per 
cent,  more  than  in  the  intermediate.  The  indicator  diagrams 
illustrating  tlie  paper  by  the  late  Mr,  Wyllie,  read  at  the  autumn 
meeting  in  1886  (Proceedings  1886,  page  473),  showed  that  there 
was  no  difficulty  in  obtaining  an  equal  distribution  of  power  and 
range  of  temperature,  with  the  initial  stresses  well  balanced.  When 
the  "  Meteor  "  engines  were  spoken  of  in  the  present  report  (page  245) 
as  being  very  economical,  he  presumed  that  the  meaning  was  as 
I  compared  with  the  generality  of  marine  engines.  In  respect  of  the 
steam  useJ  or  water  evaporated  for  the  indicated  horse-power 
(leveloped,  there  was  no  doubt  they  were  most  economical ;  biit  the 
manner  in  which  the  engines  were  indicated  was  different  from  the 
usual  practice,  and  therefore  where  was  the  comparison  ?  In  page  240 
it  was  stated  that  the  "  indicators  were  used,  one  on  each  end  of  each 
cylinder  ;  the  connections  in  all  cases  were  through  only  a  few  inches 
of  large  pipe  having  in  no  case  more  than  one  bend."  In  nearly 
all  previous  cases  marine  engines  had  been  indicated  through  from 
3  to  4  feet  of  copper  pipe,  much  exj)osed,  having  several  bends,  some 
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of  tbem  at  right  angles.  Had  tlic  "  Meteor  "  engines  been  indicated 
nnder  such  conditions,  he  was  sure  they  would  have  shown  5  to  10 
per  cent,  less  borse-power  developed,  whicli  would  have  materially 
affected  the  working  out  of  tbc  efficiency.  Without  raising  any 
objection  to  tbe  manner  in  Avbich  these  engines  bad  been  indicated, 
lie  pointed  out  that  the  si^ecial  means  taken  to  indicate  tbem  had 
resulted  in  a  special  and  unusual  horse-power ;  and  he  was  therefore 
of  opinion  tbat  the  horse-power  so  arrived  at  ought  not  to  be  used  in 
comj)aring  the  "  Meteor  "  engines  with  those  indicated  under  ordinary 
conditions.  Several  engines  tbat  he  knew  of  would  prove  equally 
economical  if  indicated  in  tbe  same  manner. 

As  to  tbe  measurement  of  tbe  feed  water,  it  was  certainly 
unfortunate  that  tbe  Committee  had  not  been  able  to  ascertain  tbe 
water  from  tbe  jackets  and  from  the  steam  used  for  heating  the  feed, 
for  tliis  was  really  of  vital  importance  in  calculating  the  efficiency  of 
the  engines.  In  tbe  majority  of  steamers  the  water  required  to 
make  uj)  the  loss  was  supplied  from  tbe  sea ;  but  in  tbe  present  case 
tbe  exhaust  from  various  engines  using  steam  from  tbe  donkey 
boiler  bad  been  more  than  sufficient,  and  be  should  like  to  know  what 
allowance  bad  been  made  for  the  feed  so  obtained  from  tbe  donkey 
boiler,  as  against  the  usual  supjilementary  feed  from  the  sea.  For  it 
appeared  to  him  that  the  heat  required  to  raise  the  temj)erature  of 
sea-water  to  that  of  tbe  feed  should  be  fully  allowed  for,  as  against 
the  temperature  of  tbe  exhaust  steam  from  various  engines.  From 
his  own  experience  with  triple  engines  be  bad  found  that  a  minimum 
of  three  to  four  inches  of  vpater  measured  at  tbe  gauge-glass  was 
required  to  be  supplied  to  each  boiler  per  24  hours.  In  any  future 
trials  therefore  he  would  sxiggest  tbat  great  consideration  should  be 
given  to  this  subject.  He  fully  realised  the  great  difficulty  of 
ascertaining  tbe  true  efficiency  of  boilers  and  tbe  actual  work  got 
out  of  the  coal.  The  first  consideration  was  the  condition  of  the 
boilers  in  regard  to  scale,  and  then  tbe  duration  of  the  trial  and 
the  time  of  continuous  steaming.  Of  course  tbe  evaporative 
efficiency  of  furnaces  and  tubes  free  from  scale  materially  affected 
the  result.  During  a  few  hours'  run  the  tubes  were  clean,  and  so 
were   the   fires,  and   therefore  the  coal  was  consumed  to  tbe  best 
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advantage,  as  there  was  no  necessity  for  constant  raking  and 
pricking  of  fires.  The  taking  of  the  funnel  temperature  he  had 
found  of  great  value  in  his  forced-draught  experiments,  and  his 
experience  in  this  matter  had  been  that  the  temperature  in  the  fnnntl 
varied  much  during  the  first  few  days  of  steaming ;  after  the  first 
30  or  40  hours  at  sea  he  had  generally  found  an  increase  in  the  funnel 
temperature  of  100°  to  150°  and  even  more.  It  was  unfortunate  that 
only  one  sample  of  furnace  gas  had  been  saved ;  for  the  analysis  of 
the  other  samples  would  have  been  of  great  value,  and  he  fancied 
would  have  shown  a  mean  result  different  from  the  analysis  given. 
The  one  sample  analysed  he  should  imagine  had  been  taken  just 
before  firing,  and  when  the  fires  were  in  good  condition,  for  the 
percentage  of  carbonic  oxide  was  so  small ;  additional  analyses  he 
thought  would  have  shown  it  much  larger,  considering  the  small 
supply  of  air  amounting  to  only  15  "5  lbs.  per  lb.  of  coal,  and 
considering  that  the  boilers  worked  under  natural  draiight. 

The  coal  consumption  of  19 '25  lbs.  per  square  foot  of  grate  por 
hour  (page  243)  was  exceedingly  large  for  natural  draught,  more 
particularly  considering  the  small  supply  of  air;  and  a  grate  of 
G  feet  length  could  not  be  efficiently  fired  in  a  marine  boiler. 
Taking  the  coal  consumption  as  a  basis  of  comparison,  he  failed  to 
find  these  engines  so  economical  as  the  report  described  them  ;  the 
consumption  appeared  to  be  2-01  lbs.  per  indicated  horse-power  per 
hour  (page  247),  The  analysis  of  the  coal  gave  a  calorific  value  of 
12,790  thermal  units  per  lb.,  equal  to  13j  lbs.  of  water  evaporated 
from  212°  Fahr.  per  lb.  of  coal.  Fairly  good  Newcastle  coal  gave 
about  14,000  thermal  units,  with  an  evaporation  of  14^  lbs.,  showing 
that  the  coal  here  used  was  about  8  per  cent,  inferior  to  ordinary 
Newcastle  coal ;  and  therefore,  had  the  coal  been  Newcastle,  the 
consumption  would  have  been  about  1"8  lb.  per  indicated  horse- 
power per  hour.  To  his  own  knowledge  there  were  many  triple 
engines  running  under  ordinary  conditions,  in  which  the  consumption 
of  Newcastle  coal  did  not  exceed  1  •  6  lb.  per  indicated  horse-power 
per  hour,  the  engines  being  indicated  in  the  ordinary  manner. 

Had  the  object  of  the  present  report  been  simply  to  show  wliat  a 
l^articular  engine  did,  then  of  course  the  whole  consideration  would 
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have  becu  diifereut ;  but  as  a  basis  of  comparisou  be  urged  that  it 
was  of  the  utmost  importance  iu  sucb  investigations  tbat  tbc  greatest 
care  sboukl  be  taken  to  obtain  engines  which  conformed  with  general 
practice,  and  that  the  trials  should  be  made  under  the  condition  of 
ordinary  working ;  otherwise  it  would  be  difficult  to  establish  a 
reliable  standard  system.  He  desired  to  express  his  own  thanks  to 
the  Committee,  and  felt  sure  that  with  the  experience  they  had 
obtained  any  future  report  would  be  of  the  greatest  value. 

Mr.  D.  B.  MoRisoN  thought  it  would  now  be  admitted  that  there 
was  considerable  difficulty  and  expense  attending  marine-engine 
trials ;  for  in  the  case  of  the  "  Meteor  "  a  special  staff  of  seventeen 
had  been  necessary,  even  under  the  exceptionally  favourable 
condition  of  fine  weather  throughout.  The  value  of  the  report  lay 
not  so  much  in  the  design  of  the  engine  as  in  the  accuracy  of  the 
results  obtained.  All  marine  engineers  would  admit  that  the 
ordinary  trials  of  coal  consumption  were  unreliable  and  incorrect, 
and  were  simply  so  managed  as  to  satisfy  the  specified  requirements. 
In  trials  also  of  indicated  horse-power  a  skilful  operator  with  a  little 
assistance  from  the  engineer  iu  charge  could  obtain  results  which 
were  absurdly  incorrect.  This  manij)ulation  of  trial-trip  results 
must  continue  as  long  as  engineers  were  bound  by  ship-owners  to 
obtain  practically  impossible  results ;  in  fact  the  stipulations  made 
were  sometimes  even  dangerous,  compelling  a  recourse  to  means 
which  might  impair  the  efficiency  of  the  engines.  It  was  only 
natural  therefore  that  coal-consumption  trials  were  less  frequent, 
and  that  the  maximum  indicated  horse-power  obtained  on  a  trial  was 
looked  upon  with  suspicion.  The  most  interesting  feature  in  the 
present  trials  was  the  measurement  of  the  feed  water,  which 
certainly  showed  that  the  engine  was  very  efficient ;  and  this  being 
so,  he  was  naturally  led  to  analyse  the  principal  proportions.  It 
would  be  generally  admitted  that  the  modern  cargo  steamer  was  a 
commercial  success ;  and  although  the  engine  did  not  contain  every 
possible  refinement  necessary  to  obtain  the  greatest  possible  economy, 
nothing  whatever  was  omitted  which  experience  had  taught  the 
ship-owner  would  give  a  good  return  on  capital  invested.     It  would 
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b3  interesting  therefore  to  comj^are  the  efficient  engines  of  the 
"Meteor  "with  cargo-boat  j^i'actice.  A  cargo  engine  was  generally 
unjacketed,  and  the  ratio  of  high-pressure  to  low-pressure  cylinder 
capacity  was  1  to  7  or  thereabouts  :  the  "  Meteor's  "  cylinders  were 
jacketed,  and  the  ratio  w^as  1  to  5  •  67.  The  mean  pressure  in  the 
"  Meteor,"  reduced  to  the  low-pressur^)  cylinder,  was  30  lbs.  per 
square  inch,  and.  that  in  a  cargo  engine  about  26  lbs.  As  regarded 
revolutions,  the  cargo  engine  was  limited  to  the  number  that  gave 
the  greatest  propeller  efficiency,  which  was  usually  from  58  to  65 
per  minute.  The  most  important  question  Avas  therefore,  what  was 
the  most  economical  ratio  of  expansion  at  which  a  triple-expansion 
engine  should,  be  worked ;  consequently  a  trial  with  a  cargo-boat 
engine  would  be  valuable  and  instructive.  The  many  little  details 
which  Professor  Kennedy  had  been  compelled  to  assume  as  correct,  and 
others  which  were  not  under  the  most  favourable  conditions  for 
purposes  of  trial,  showed  that  the  various  arrangements  should  be 
made  during  the  actual  construction  of  the  engines  ;  and  this  being 
so,  he  would  himself  endeavour  to  fit  a  cargo  engine  with  all  the 
details  required  for  trial,  and  Professor  Kennedy  should  be  very 
welcome  to  supervise  any  trials  he  might  make.  It  could  not  but  be 
regretted  that  in  the  "  Meteor  "  trial  the  jacket  water  had  not  been 
kept  separate  ;  or,  if  this  was  impossible,  that  the  jackets  had  not  been 
shut  off  entirely,  as  the  result  would  then  have  been  more  definite 
and  valuable.  It  would  be  interesting  to  know  what  was  the  feed- 
heating  arrangement.  A  simple  plan  often  met  with  for  heating  the 
feed,  water  was  to  lead  a  pipe  from  the  intermediate-cylinder  steam- 
chest  to  the  feed  suction-pipe  ;  and  by  that  means,  together  with  light 
feed-pump  valves,  the  water  might  be  heated  and  pumped  without 
difficulty  at  a  temperature  of  170^.  A  convenient  method  of 
comparing  the  vacuum  in  the  cylinder  and  condenser  was  to  take  a 
diagram  from  the  condenser  with  the  same  indicator  that  was  used 
for  the  low-pressure  engine.  If  the  "  Meteor "  vacuum  was 
correctly  shown  by  the  indicator  diagrams,  the  advantage  was  seen 
of  feeding  the  boilers  with  an  independent  pump  which  could  be 
regulated  separately  from  the  main  engines ;  for  it  reduced  the 
amount  of   air    in    the    condenser  to  a  minimum,    thereby    causing 
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the  pressure  to  correspond  more  nearly  with  the  temperature.  It 
uas  advantageous,  lie  liad  found,  to  keep  the  initial  pressure  in  the 
low-pressure  cylinder  well  above  atmospheric  pressure  :  although, 
if  this  plan  were  carried  to  excess,  it  naturally  followed  that 
the  initial  loads  on  the  three  pistons  were  unequal,  an 
example  of  wliich  was  the  "  Meteor "  forced-draught  trial  with 
auxiliary  steam,  when  the  initial  load  on  the  high-pressure  pibton  he 
calculated  was  59,000  lbs.  and  that  on  the  low-pressure  piston 
142,000  lbs.  or  nearly  2^-  times  greater.  The  latter  load  was 
severe  on  the  bearings  and  gear ;  in  fact  in  the  present  case  the 
low-pressure  piston-rod  seemed  to  be  loaded  to  about  9,000  lbs.  per 
square  inch  at  the  bottom  of  the  screw-thread,  which  was  rather  too 
high  a  load. 

With  regard  to  the  boilers,  it  was  to  be  regretted  that  the 
coal  was  so  inferior ;  but  even  taking  this  into  consideration,  the 
consumption  of  2  lbs.  per  indicated  horse-power  per  hour  appeared 
liigh.  The  total  heating  surface  of  6,648  square  feet  for  1,994  total 
iudicated  horse-power  was  equivalent  to  3 '33  square  feet  per 
indicated  horse-power.  Comparing  again  with  a  cargo-boat  boiler, 
the  usual  allowance  was  about  3  •  6  square  feet  of  total  heating  surface 
[)er  average  indicated  horse-power  at  sea ;  the  tubes  were  larger, 
:iud  the  consumption  of  coal  per  square  foot  of  grate  was  about 
14^  lbs.  per  hour  against  19^  lbs.  in  the  "  Meteor."  In  the  latter 
however  the  special  requirements  must  be  considered,  as  she  was  a 
fast  passenger  boat  in  which  the  greatest  power  from  a  given 
weight  of  boiler  had  evidently  been  aimed  at,  rather  than  the 
maximum  efficiency,  as  evidenced  by  the  use  of  fire-grates  as  much 
as  6  feet  long,  and  by  a  rate  of  consumption  so  high  as  19^  lbs.  of 
coal  per  square  foot  of  grate  per  hour.  Except  where  circumstances 
rendered  it  necessary,  a  grate  6  feet  long  was  in  his  ojjinion  most 
objectionable,  as  the  efficiency  of  a  furnace  depended  to  a  great 
extent  on  the  manner  the  fire  was  kept  up,  and  no  ordinary  fireman 
was  able  to  do  justice  to  a  6  feet  grate.  There  was  no  doubt  that  the 
correct  direction  in  which  to  go  was  to  have  a  large  diameter  of 
furnace,  and  a  length  of  4i  feet  or  a  maximum  of  5  feet  for  the 
grate ;    and   one    advantage    gained    by    artificial    draught    and   by 
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arrangements   of  mechanical  fire-bars  was  that   the   grate    conhl   be 
shortened,  owing  to  the  more  rapid  combustion. 

For  taking  indicator  diagrams  he  had  lately  used  an  appliance 
which  got  rid  to  a  certain  extent  of  all  the  imperfections  hitherto 
experienced  during  the  actual  taking  of  the  diagrams.  As  illustrated 
in  the  vertical  section,  Fig.  25,  Plate  55,  the  indicator  piston  was 
fitted  with  a  separate  bottom,  with  a  central  hole  going  up 
into  the  hollow  interior  of  the  piston.  A  shallow  oil-groove 
was  turned  all  round  the  circumference  of  the  piston  ;  and  several 
small  holes  H  were  bored  radially,  leading  from  the  interior  to  the 
groove.  Before  taking  the  diagrams  the  piston  was  charged  with  oil, 
which  filled  up  the  holes  and  groove.  The  steam  pressure  acting 
on  the  bottom  of  the  piston  passed  up  through  the  central  hole,  and 
pressed  on  the  surface  of  the  oil,  so  that  the  pressure  in  the  groove 
round  the  piston  was  really  equal  to  the  pressure  on  the  bottom  of 
the  piston.  As  a  matter  of  fact  diagrams  could  by  this  means  be 
taken  on  a  new  engine  without  the  slightest  difficulty,  and  without 
any  irregularities :  as  would  be  seen  from  the  si^ecimen  diagram 
shown  in  Fig.  26,  in  which  it  would  be  noticed  that  there  were  but 
few  imperfections  or  irregularities  in  the  steam  line ;  and  this  result 
was  entirely  due  to  the  arrangement  for  constant  lubrication. 

j\Ir.  John  K.  Fothergill  mentioned  that  he  had  also  used  this 
plan  of  indicator  piston  with  good  effect  on  several  occasions. 

Mr.  Fkedeeick  Edwards,  as  a  member  of  the  Committee,  thought 
few  persons  had  any  idea  of  the  difficulties  that  had  been  met  with 
in  connection  with  these  trials.  He  had  himself  carried  out  many 
trials  on  land  from  six  o'clock  in  the  morning  until  six  o'clock 
at  night,  and  they  were  really  child's  play  compared  with 
marine  trials.  In  the  first  run  made  with  the  "  Crystal,"  previously 
to  the  "  Meteor "  trial,  all  the  apparatus  had  been  fitted  on  board 
the  steamer  for  a  trial  from  Middlesbrough  to  Dundee.  Soon  after 
starting,  a  patch  on  the  back  of  the  donkey-pump  gave  way  and  j)ut 
an  end  to  the  work,  so  that  they  had  their  trip  to  Dundee  for 
nothing.      On    the    next    occasion   he    went    to   Leith    to  join    the 
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"  Meteor,"  and  on  arrival  tlaerc  foiuicl  that  the  vessel  IjaJ  a  hole 
knocked  ia  her  bottom  by  going  on  a  rock,  and  he  had  to  retura 
from  a  fruitless  journey.  If  all  went  well  in  the  engine-room, 
which  was  not  always  the  case,  there  was  often  a  good  chance  of 
falling  in  with  rough  weather ;  while  if  the  sea  was  smooth,  there 
Avas  a  frood  chance  of  havinjx  a  foj:'  and  of  the  engines  bein"  slowed 
in  consequence.  Then  there  was  the  i)ossibility  of  the  firemen  not 
being  sober,  which  was  often  a  great  diiEculty.  Besides  the  utmost 
care,  a  good  deal  of  luck  was  wanted  in  order  to  get  through  the 
long  trial  without  any  stoppage. 

In  fairness  to  the  builders,  attention  should  bo  drawn  to  the 
sizes  of  the  cylinders,  which  in  the  "  Meteor  "  he  thought  had  clearly- 
been  designed  with  a  view  to  giving  the  utmost  power  that  could  be 
got  out  of  them,  and  therefore  he  presumed  they  had  never  been 
intended  to  work  with  the  greatest  economy.  Tlie  high-pressure 
cylinder  being  so  large  enabled  the  engines  to  give  out  great  power  ; 
but  at  the  same  time  this  also  made  it  difficult  to  cut  off"  at  a 
sufficiently  early  point  for  working  the  engines  economically  at  a 
comparatively  low  power.  The  proportion  of  the  tubes  was  one 
never  adopted,  as  far  as  he  knew,  for  natural  draught,  and  it  showed 
that  the  boilers  had  been  designed  to  work  with  a  forced  draught ; 
and  therefore  when  working  with  a  natural  draught,  as  they  had 
worked  in  the  trial,  it  would  not  be  expected  to  get  such  economical 
results  from  these  boilers.  The  large  power  given  out  by  the 
engines  he  considered  was  not  only  highly  creditable  to  the 
builders,  but  also  satisfactory  from  the  owner's  j)oint  of  view. 

The  extra  steam  sujiplied  to  the  main  condenser  from  the 
auxiliary  engines  could  make  no  difference  in  the  measurements,, 
because  the  water  in  the  boiler  was  kept  at  the  same  level,  and  the 
surplus  ran  into  the  bilges  and  was  not  measured.  Great  importance 
was  attached  by  himself  to  these  trials ;  for  he  considered  it  quite 
as  important  to  bave  a  means  of  measuring  the  feed  water  as  it  wa& 
to  measure  the  oil  and  the  coal.  If  the  feed  water  could  only  be 
measured  accurately,  it  could  be  ascertained  beyond  all  doubt  which 
engines  were  tbe  most  economical,  and  what  proportions  to  follow  in. 
the  future.     With  this  view  he  had  already  had  one  steamer  fitted. 
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I)ermauently  witli  feccl-mcasuring  tanks  ;  and  in  all  tlic  new  steamers 
building  under  liis  superintendence  he  intended  to  have  them 
provided,  if  there  was  room  to  fit  them  conveniently  in  the  engine- 
room.  One  at  present  building  would  have  them,  and  he  hoped  that 
the  Research  Committee  would  test  it.  He  had  been  devoting 
special  attention  to  the  matter,  with  a  view  if  possible  to  make  it  a 
commercial  success ;  that  is,  to  see  at  how  small  a  cost  the  tanks 
could  be  fitted  and  how  little  space  they  could  be  got  into,  so  that 
the  owners  should  not  object  to  the  first  cost,  and  the  engineers  in 
charge  should  not  be  inconvenienced  by  the  space  being  so  occupied. 
He  had  found  that  no  extra  slaif  was  required  for  working  the  tanks 
in  the  ordinary  way  ;  and  that  during  the  third  engineer's  watch, 
the  chief  and  second  could  easily  use  the  tanks  for  a  short  time  iu 
order  to  find  out  what  was  the  consumption  of  water,  and  which  was 
the  most  economical  way  of  working  the  engines.  Any  increase  or 
decrease  in  the  consumption  of  the  water  would  show  itself 
immediately  ;  it  would  not  be  necessary  he  considered  to  use  the  tanks 
for  more  than  an  hour  at  a  time  on  each  grade,  in  order  to  arrive 
at  what  were  the  best  grades  of  expansion  for  the  engines  to  run  at, 
A  small  saving  in  water  thus  arrived  at  would  soon  pay  for  the  cost 
of  the  tanks  several  times  over. 

The  indicator  diagrams  shown  in  Plate  47  had  been  referred 
to  by  Mr.  Adamson,  who  had  disapproved  of  the  cut-off  as  there 
exemplified.  But  without  having  communicated  with  the  builders  on 
the  subject,  it  seemed  to  himself  to  be  the  common-sense  view  that 
the  engines  had  been  designed  to  work,  not  as  shown  in  Plate  47,  but 
as  shown  in  Plate  52,  working  full  power  with  forced  draught ;  and 
the  cut-off  was  there  seen  to  be  very  fair  indeed.  Mr.  Adamson 
he  hoped,  besides  criticising  what  the  Committee  had  done,  would 
help  them  to  get  steamers  to  test.  They  had  had  difficulties  in 
getting  any  engines  to  test,  apart  from  the  practical  difficulties  of 
carrying  out  such  tests ;  there  had  as  yet  been  few  owners  who  had 
come  forward  with  an  offer  of  a  ship  that  would  suit  exactly ;  and  if 
Mr.  Adamson  would  kindly  aid  iu  getting  the  steamers  that  were 
required,  the  Committee  would  be  delighted  to  test  them.  There 
were  perhaps  some  drawbacks  in  the  engines  already  tested,  Avhen 
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working  iindcr  certain  conditions  ;  Lut  it  must  be  borne  in  mind 
that,  in  order  to  save  the  tide,  these  engines  had  been  designed  to 
give  out  the  utuKJst  power  when  going  nortliwards,  and  that  during 
the  return  journey  soutliwards  not  so  much  power  was  required  ; 
conseijuently  they  had  to  work  under  two  sets  of  conditions. 

Previous  to  the  commencement  of  these  trials,  in  order  to 
ascertain  bow  accurately  coal  could  be  weighed  at  sea  with  a 
spring-balance,  he  had  weighed  twelve  different  quantities,  put 
them  in  casks,  brought  them  ashore,  and  afterwards  weighed  them 
on  land.  The  percentage  of  error  was  only  0'417,  or  less  than 
lialf  of  one  per  cent.  He  also  found  that  a  single  spring-balance 
would  weigh  as  much  as  88  tons  in  24  hours.  The  weather  was  not 
particularly  rough ;  but  as  the  ship  was  small  and  steaming  11  knots, 
the  vibration  of  the  spring-balance  pointer  was  so  great  that  it  was 
impossible  to  take  a  reading  of  the  largest  and  the  smallest  amounts. 
It  was  only  by  watching  it  carefully  at  certain  times  that  an  accurate 
reading  could  bo  obtained  ;  and  then  the  percentage  of  error  was 
only  0*417,  as  already  stated,  these  measurements  being  made  with 
a  pointer  that  was  ^  lb.  broad. 

The  President  asked  whether  the  error  might  be  on  either  side. 

Mr.  Edwards  replied  that  it  was  all  in  one  direction,  the  spring- 
balance  indicating  that  percentage  in  excess  of  the  coal  actually 
weighed. 

After  the  trial  of  the  "  Fasiyama,"  when  he  calibrated  the  water 
tanks  he  also  tested  what  the  percentage  of  error  was  likely  to  be. 
He  found  that  the  tanks  held  260  lbs.  each,  and  that  when  they 
were  full  the  addition  of  i  lb.  of  water  raised  the  level  2^  inches. 
When  using  the  tanks  there  was  no  difficulty  in  bringing  the  level 
at  each  time  of  filling  to  within  about  J  inch  of  the  measurement 
mark ;  and  if  by  accident  in  filling  it  happened  to  go  up  to  2^  inches 
above  the  mark,  the  percentage  of  error  would  then  be  only  0'19,  or 
less  than  one-fifth  of  one  per  cent. 

Reference  had  been  made  to  the  condition  of  the  boilers  in  the 
"  Meteor  "  trial.     He  had  himself  gone  into  the  furnaces  and  into  the 
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combustion  chambers ;  and  as  far  as  be  could  see,  tbe  furnaces,  tbe 
combustion  cbambers,  and  tbe  tubes  were  all  in  good  order.  Tbe 
tubes  were  swept  clean  before  starting  on  tbe  trial.  He  wanted  to  go 
inside  tbe  boilers,  to  see  what  state  tbey  were  in  witb  regard  to 
scale ;  but  be  bad  not  tbe  opportunity. 

Two-cylinder  compound  engines  were  now  being  fitted  in  several 
cases  witb  a  third  cylinder,  and  were  working  at  80  lbs.  pressure 
witb  tbe  original  boilers,  and  carrying  the  full  pressure  nearly  to  tbe 
cud  of  tbe  stroke  in  tbe  first  cylinder,  and  were  reported  to  be 
giving  very  good  results.  Tbe  Eesearch  Committee  be  hoped  would 
have  an  opportunity  aiforded  them  of  ascertaining  what  actual  results 
were  being  obtained  by  triple-expansion  engines  working  at  such  a 
low  pressure. 

He  quite  agreed  with  what  Mr.  List  had  said  about  steam-jackets. 
There  was  great  difiiculty  in  getting  marine-engine  biiilders  to 
supply  jacketed  engines ;  tbey  preferred  to  make  them  without  tbe 
jackets.  If  it  could  be  settled  definitely  what  tbe  saving  in 
consumption  was  with  or  without  the  jackets,  be  thought  it  would  be 
a  great  advantage. 

Mr.  Charles  J.  Wilson  explained  that  in  the  coal  analysis  given 
in  page  237  the  concluding  item  of  10-67  per  cent,  bad  merely  been 
taken  by  difference.  The  problem  submitted  to  bim  had  been  only 
to  determine  tbe  calorific  value  of  the  coal,  nothing  further.  For 
this  purpose  the  carbon,  the  hydrogen,  and  tbe  water  present  had 
all  been  determined  with  considerable  care,  and  from  these  three 
percentages  tbe  calorific  value  bad  been  calculated.  Tbe  nitrogen, 
the  sulphur,  and  tbe  oxygen  had  not  been  determined  directly,  but 
bad  been  taken  by  difference ;  because,  although  tbey  bad  a  slight 
influence  on  tbe  calorific  value  of  tbe  coal,  he  should  not  have  known 
bow  to  calculate  that  influence ;  it  was  for  this  reason  that  the 
sulphur  bad  not  been  determined.  Otherwise  it  was  customary  in 
coal  analyses  to  determine  the  sulphur  directly  and  tbe  nitrogen 
directly,  leaving  only  the  oxygen  to  be  taken  by  difference.  In  the 
present  case,  where  the  object  bad  been  to  ascertain  tbe  calorific 
value  of  the  fuel,  only  those  determinations  had  been  made  which 
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were  directly  concerned  iu  that  calculation.  In  corai)aring  this  coal 
with  other  coal,  it  was  worth  while  to  remember  that  the  calculation 
of  the  calorific  value  was  a  matter  (ju  which  chemists  were  scarcely 
agreed.  The  general  custom  was  to  deduct  from  the  total  hydrogen 
the  amount  necessary  to  combine  with  the  oxygen  present  in  the 
form  of  water,  and  to  calculate  the  heat  of  combustion  of  the  residual 
hydrogen  only.  This  method  gave  results  always  too  low,  when 
compared  with  those  obtained  by  combustion  of  the  coal  in  a 
calorimeter.  Eesults  more  nearly  in  accordance  with  calorimetric 
experiments  were  obtained  by  making  no  deduction  for  oxygen 
present,  but  calculating  the  heat  of  combustion  of  the  whole  quantity 
of  hydrogen.  The  state  of  combination  of  the  oxygen  in  coal  was 
unknown  ;  but  the  one  form  in  which  it  appeared  not  to  be,  namely 
water,  was  the  one  in  which  it  was  generally  assumed  to  exist. 

With  regard  to  the  furnace  gas,  of  which  only  one  sample  had  been 
submitted  to  him  for  examination,  it  had  been  remarked  that  it  was  a 
pity  there  had  not  been  a  greater  number  of  samples,  in  order  to  arrive 
at  tlie  average  composition.  It  seemed  to  him  to  be  always  desirable 
to  take  a  series  of  detached  samples  at  short  intervals,  and  to  make 
analyses  of  those  samples,  and  so  get  the  average  results.  This  he 
preferred  to  drawing  off  one  continuous  sample ;  because  by  taking 
several  separate  samples  and  making  the  analyses,  not  only  was  the 
average  composition  ascertained,  but  also  what  was  the  extent  of  the 
variation.  In  drawing  samples  of  furnace  gas  from  a  flue  for  the 
purj)Ose  of  analysis,  it  seemed  to  him  essential  that  the  gas  should 
not  be  allowed  to  come  in  contact  with  any  liquid  other  than 
mercury.  It  was  true  that  a  com2:)letely  saturated  solution  of 
perfectly  pure  salt  in  water  had  only  a  very  slight  solvent  action  on 
the  carbonic  acid  ;  but  ordinary  salt  gave  a  perceptibly  alkaline 
solution,  sometimes  more  and  sometimes  less  alkaline,  according  to 
the  amount  of  impurity  present.  The  ordinary  brine  that  was  used, 
which  had  an  alkaline  re-action,  exercised  a  perceptible  solvent 
action  on  carbonic  acid,  and  consequently  modified  the  composition 
of  the  furnace  gas  before  it  was  subjected  to  analysis.  When  no 
smoke  was  produced,  and  the  flue  gases  consisted  only  of  carbonic 
acid,  carbonic  oxide,  oxygen,  and  nitrogen,  the  analysis  was  simple 
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tind  satisffictory.  But  where  there  was  smoke,  a  considerable  loss  of 
heat  might  occur,  owing  to  the  volatilisation  of  hydro-carbons.  This 
loss  he  was  at  present  unable  to  measure,  the  difficulties  being  very 
great  in  the  way  of  the  collection  and  examination  of  volatile  matters 
from  coal. 

Mr.  Druitt  Halpin  considered  the  Institution  was  greatly  to  be 
congratulated  on  the  experiments  of  the  Committee,  which  would 
certainly  become  standards  of  reference ;  and  he  was  glad  to 
understand  that  the  trial  now  reported  upon  was  not  the  last  to  be 
made,  but  that  the  Committee  contemplated  continuing  their  labours, 
and  hoped  to  make  an  experiment  with  the  "  Colchester,"  which  was 
one  of  the  latest  boats  of  the  Great  Eastern  Railway,  and  was  an 
exceedingly  fine  example  of  a  compound  with  only  two  cylinders. 
Having  crossed  over  in  that  boat  a  short  time  ago,  he  had  admired 
her  very  much  ;  and  he  thought  no  one  would  be  found  to  co-operate 
more  heartily  in  the  trial  than  her  chief  engineer,  Mr.  Cartledge, 
who  he  was  sure  would  render  every  assistance  in  his  power.  The 
systematic  experiments  now  made  he  considered  were  of  great  value 
in  upsetting  the  fancy  figures  which  had  hitherto  been  announced  as 
to  what  boats  were  doing.  In  one  instance  some  experiments  on  a 
large  boat  had  been  recorded  with  1-23  lb.  of  coal  per  indicated 
horse-power  per  hour ;  but  the  statement  had  been  accompanied  by 
indicator  diagrams,  from  which,  altliough  they  were  on  a  very  small 
scale,  it  was  at  least  possible  to  measure  approximately  the  water; 
and  without  allowing  anything  for  cylinder  or  jacket  condensation,  no 
less  than  between  13  and  14  lbs.  of  water  per  lb.  of  fuel  would  have 
had  to  be  evaporated  by  the  coal  said  to  be  used.  Triple  engines  had 
been  spoken  of  by  Mr.  Fothergill  (page  285)  as  running  under 
ordinary  conditions  on  a  consumption  not  exceeding  1-6  lb.  of 
Newcastle  coal  per  indicated  horse-power  per  hour  ;  and  in  a  careful 
experiment  he  had  himself  succeeded  in  getting  as  good  a  result ; 
but  he  knew  what  a  lot  of  trouble  it  took  to  do  so,  and  such  a  result 
was  not  a  thing  to  be  lightly  spoken  of  with  any  engine. 

As  to  the  means  adopted  by  the  Committee  for  carrying  out  the 
tests,  in  the  mode   of  measurement   of  the  water,  which  was  a  .nost 
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vital  point,  he  did  not  agree  witli  tlicm.  Their  object  had  been,  as 
previously  stated,  in  the  first  place  to  determine  whether  it  was 
practicable  to  make  the  requisite  observations  withoiit  stopping  the 
boat ;  and  secondly  to  get  scientific  data.  But  he  thought  there  had 
also  been  one  other  object,  which  perhaps  they  hud  liad  in  view 
Avithout  recognising  it  f-uflSciently :  and  that  was,  to  popularize  the 
possibility  of  such  experiments  ;  and  he  thought  it  would  hardly 
be  possible  to  continue  extensively  the  plan  that  had  now  been 
carried  out,  which  involved  lumbering  up  the  boat  with  specially 
fitted  tanks  for  making  the  experiments.  Mr.  Edwards  too  had 
stated  that  he  was  fitting  a  boat  with  special  tanks,  so  that  the  water 
might  be  measured  at  any  time.  This  did  not  seem  to  himself  however 
to  be  at  all  necessary,  because  accurate  and  reliable  results  were  now 
being  got  with  good  meters.  Very  recently  he  had  had  a  meter  put 
into  constant  use  for  measuring  a  large  supply  of  water;  and  meters 
could  be  got  to  register  accurately,  and  could  also  be  worked  with  a 
by-pass,  so  that  even  if  they  broke  down  temporarily  no  great  harm 
would  be  done.  On  his  proposal  the  engineer  of  a  large  ship  indicating 
several  thousand  horse-power  had  put  a  meter  in  to  measure  the  feed, 
and  it  was  now  working  ;  but  he  had  not  yet  learnt  the  results  of 
what  it  was  doing.  One  thing  might  have  been  done,  which,  although 
it  would  have  caused  a  little  trouble,  would  have  given  a  good  deal 
of  additional  information  :  the  boiler  had  been  fed  with  a  Worthington 
pump,  of  which  many  of  the  Committee  had  had  experience ;  and  if, 
in  connection  with  the  accurate  measurement  of  the  water  by  the 
tanks,  some  data  had  been  collected  as  to  the  efficiency  of  the  pump, 
by  putting  a  counter  on  it  to  register  the  number  of  strokes,  the 
information  so  obtained  would  have  been  of  great  value.  If  the 
Committee  had  a  similar  case  to  deal  with  again,  he  hoped  they  would 
see  their  way  to  using  a  counter  in  connection  with  the  Worthington 
pump. 

The  means  taken  for  indicating  the  engines  in  these  trials  were 
certainly  above  all  suspicion.  It  had  been  stated  by  Mr.  Fothergill 
(page  28-i)  that  if  the  engines  had  been  indicated  in  the  ordinary  way, 
with  long  pipes  to  the  indicators,  they  would  have  shown  5  to  10 
per  cent,  less  power ;  and  having  himself  had  a  definite  case  of  that 
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kind,  be  was  willing  enougli  to  believe  tbat  a  mucb  lower  power  would 
bave  been  sbown  by  tbe  diagrams  tban  bad  been  actually  developed, 
and  consequently  a  mucb  bigber  coal  consumption  per  indicated 
borse-power.  In  one  of  bis  engines  wbicb  bad  been  fitted  in  tbe 
ordinary  way  witb  a  long  pipe  coming  round  from  eacb  end  of  tbe 
cylinder  to  one  indicator,  it  seemed  as  tbougb  tbe  engine  was  not 
giving  anytbing  like  tbe  power  it  was  intended  to  develoj) ;  but 
wbeu  tbe  long  bent  pipes  were  taken  away,  and  tbe  indicator  was 
put  on  a  direct  pijie  of  only  a  couple  of  incbes  lengtb,  tbe  power 
increased  38  per  cent.  (Proceedings  1886,  page  364).  Tbe  power 
was  properly  developed  by  tbe  engine,  but  bad  not  been  proj^erly 
measured  previously. 

Eeference  bad  also  been  made  to  tbe  pressures  iu  tbe  jackets.  As 
one  wbo  did  not  believe  in  a  wet  blanket,  be  boj)ed  it  would  not  be 
suj)posed  tbat  tbere  was  any  real  difficulty  in  making  jackets  wbicb 
would  safely  take  tbe  full  boiler-pressure  ;  certainly  tbe  full  boiler- 
pressure  ougbt  to  be  got  in  tbe  jackets.  It  was  not  a  question 
however  of  pressure,  but  of  temperature  ;  tbe  full  temperature  ougbt 
to  be  got  iu  tbe  jackets,  in  order  to  get  tbe  full  efficiency  out  of  tbem  ; 
tbe  difficulties  to  be  overcome  be  did  not  consider  to  be  insuperable, 
or  tbe  object  aimed  at  to  be  not  wortb  taking  tbe  needful  pains  to 
accomplisb.  As  a  rule  tbere  was  plenty  of  room  for  natural 
circulation  in  tbe  jackets  in  a  steamer  baving  engines  of  tbe  steam- 
bammer  type  as  ordinarily  used  in  tbe  mercbant  service ;  and 
tbe  engine  cylinders  were  bigb  enougb  above  tbe  boiler  to  allow  of 
natural  circulation  of  steam  from  tbe  boiler  to  tbe  jackets,  and  of 
water  back  from  tbem  to  tbe  boiler.  If  tbe  pipes  were  large 
enougb,  say  2-incb  pipes  or  larger,  so  tbat  tbe  available  bead  was  not 
lost  in  friction,  tbere  would  be  a  continuous  circulation  in  tbe 
natural  way,  witbout  traps  to  drain  tbe  jackets ;  and  tbe  maximum 
efficiency  would  be  obtained. 

In  a  discussion  tbree  years  ago  on  compound  locomotives 
(Proceedings  1886,  page  368)  be  bad  described  some  ribbed  jackets, 
wbicb  be  bad  used,  as  be  tbougbt,  successfully.  Tbe  design  bad  been 
criticised  by  Professor  Eyan,  wbo  beld  tbat  tbe  ribs  were  doing  more 
barm  tban  good,  and  tbat  tbe  jackets  so  made  were  not  transmitting 
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nnythiiig  like  tlie  amount  of  heat  that  could  he  transmitted  through 
plain  jackets.  At  that  time  he  had  not  the  means  of  replying,  not 
Jiaving  then  obtained  the  actual  data ;  but  he  had  them  now.  Thanks 
to  Professor  Unwin,  who  had  given  him  facilities  for  weighing  both 
steam  and  water,  he  hud  been  able  to  carry  out  an  exact  experiment 
with  two  standard  lengths  of  cast-iron  heating  pipes,  one  of  them 
plain  and  the  other  ribbed,  each  4  feet  long  and  about  4  inches 
diameter  and  half  an  inch  thick ;  jackets  were  put  round  the  pipes, 
iiud  steam  was  introduced  into  the  jackets,  and  water  inside  the 
pipes.  The  result  was  found  to  be  that  in  the  ribbed  pipe  the  rate 
of  transmission  of  heat  from  the  steam  in  the  jacket  to  the  water  in 
the  pipe  was  3  "28  times  as  great  as  in  the  plain  pipe,  thus  justifying 
the  view  he  had  taken  of  the  superiority  of  ribbed  jackets. 

With  respect  to  Mr.  Adamson's  remark  that  the  Committee  ought 
not  to  test  bad  engines,  how  were  they  to  know  whether  an  engine 
was  good  or  bad  till  they  did  test  it  ?  They  could  not  tell  merely 
by  inspection ;  and  often  more  was  learnt  by  testing  bad  engines 
than  by  testing  good  ones.  By  these  tests  the  Committee  were  able 
to  put  the  saddle  on  the  right  horse.  Engines  using  only  15  lbs.  of 
water  per  indicated  horse-power  per  hour  he  considered  were  very 
good  indeed,  taking  into  consideration  all  the  circumstances,  as  well 
as  the  fact  rightly  pointed  out  by  Mr.  Anderson  (page  282)  that  it 
was  not  known  w'hat  condition  the  engines  were  in  ;  it  had  not  been 
stated  whether  the  Committee  had  had  facilities  for  testing  the  valves 
and  pistons.  They  had  taken  the  engine  as  it  ran,  and  15  lbs.  of 
water  was  hard  to  beat ;  but  the  total  elBciency  of  the  whole  machine 
from  the  ship-owner's  point  of  view  he  did  not  consider  satisfactory. 
The  boiler  was  doing  very  badly  indeed  in  evaporating  from  and  at 
212°  no  more  than  8 -21  lbs,  of  water  per  lb.  of  coal;  and  not  only 
was  it  evaporating  so  little,  but  it  was  doing  it  at  an  abnormally 
slow  rate.  A  boiler  was  like  every  other  machine,  in  being  required 
to  work  well  not  only  in  economy  but  also  in  speed.  The  only  true 
way  of  looking  at  the  efficiency  of  a  boiler  was  in  his  opinion  by 
determining  the  product  of  the  economy  and  the  rajiidity  of  the 
evaporation,  that  is,  by  multiplying  the  weight  of  water  evaporated 
per  lb.  of  coal  by  the  rate  of  evaporation  per  square  foot  of  total 
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lieating  surface  per  liour.  In  tlie  pi-cscut  instance  these  amounts 
were  respectively  8 '21  lbs.  and  4* 49  lbs.,  and  the  product  of  these 
figures  was  3G*8G.  In  a  locomotive  boiler,  according  to  the  same 
mode  of  estimation,  the  result  was  found  to  be  very  different :  from 
5ome  data  that  he  had  put  together  at  a  former  meeting  (Proceedings 
1884,  page  111),  the  product  instead  of  being  36-86  was  about  100, 
■so  that  the  efficiency  of  a  locomotive  boiler  was  nearly  three  times 
•as  great. 

A  question  had  been  raised  (page  257)  as  to  the  correctness  of  the 
figure  given  in  the  report  for  the  average  rate  of  transmission  of 
heat  through  the  material  of  the  boiler,  namely  5,241  thermal  units 
per  square  foot  of  heating  surface  per  hour ;  and  though  he  did  not 
know  whether  there  was  any  clerical  error  here  or  not,  his  argument 
was  that  the  transmission  of  heat,  like  the  transmission  of  water, 
was  due  to  the  head  available  for  producing  the  transmission ;  and 
in  the  "  Meteor  "  boiler  he  assumed  tlieie  should  be  at  least  the  same 
head  as  in  the  locomotive  boiler.  From  a  paper  read  by  Mr.  J.  A. 
Longridge  before  the  Institution  of  Civil  Engineers  (Proceedings 
1878,  vol.  lii,  page  105),  it  appeared  that  for  locomotive  boilers  the 
rate  of  transmission  j)er  square  foot  of  heating  surface  was  11  thermal 
units  per  hour  per  degree  of  difference  in  temperature.  Assuming 
that  in  the  present  case  the  furnace  temperature  was  2,500',  and  that 
of  the  gases  780',  the  rate  of  transmission  per  square  foot  of  heating 
surface  was  found  to  be  only  3  thermal  units  per  hour  per  degree  of 
•difference  in  temperature,  being  less  than  one-third  of  the  rate  in  a 
locomotive  boiler.  Here  therefore  was  another  check  which  showed 
that  the  boiler  was  doing  very  badly,  independently  of  the  quality  of 
the  coal.  In  fact,  as  stated  in  the  rejjort  (page  243),  the  heat  utilised 
by  the  boiler  was  only  62  per  cent,  of  the  whole  heat  in  the  coal. 
Another  trial  had  been  published  which  Professor  Kennedy  had 
lately  made,*  in  which  he  had  got  a  result  of  87  per  cent. ;  and  he 
would  ask  at  what  rate  of  evaporation  or  transmission  per  square 
foot  per  hour  so  very  high  a  figure  had  been  obtained. 

'^  Mr.  Thoruycioft's  Paper  in  the  Trausactious  of  the  Institution  of  Naval 
Architects,  18S9,  page  276,  on  his  "Water-Tube  Boilers  for  War  -  Ships. 
"  Engineering,"  20  April  1889,  page  412. 
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Professor  Kennedy  in  reply  said  lie  was  glad  so  many  speakers  liad 
attached  importance  to  the  subject  of  the  jacket-water  measurement, 
because  it  would  help  the  Committee  to  get  this  measurement  made 
ou  another  occasion.  There  were  maiiy  difficulties,  as  everybody 
knew,  in  getting  so  many  measurements,  and  they  had  had  to  bo 
content  with  what  they  could  get. 

On  the  burning  question  of  efficiency,  it  had  been  properly 
pointed  out  by  Mr.  Willans  (page  262)  that  choice  had  to  be  made  of 
some  standard  with  which  to  compare  the  engine  tested  ;  and  that 
the  standard  should  be  more  or  less  like  the  actual  engine.  The 
standard  with  which  the  engine  had  been  compared  in  the  report 
was  unquestionably  very  different  from  the  actual  engine  itself ;  the 
standard  with  which  Mr.  Willans  (page  263)  and  Mr.  Macfarlane  Gray 
(page  266)  compared  the  engine  was  much  nearer  the  engine  itself.  It 
appeared  to  him  to  be  a  question  of  expediency  as  to  which  standard 
should  be  used.  He  quite  agreed  with  what  Professor  Cotterill  had 
said  upon  that  point  (pages  273-4)  ;  and  he  thought  there  was  so 
much  in  it  that  in  the  next  report  he  should  have  pleasure  in  stating 
the  efficiency  according  to  both  standards.  The  choice  of  a  standard 
however,  he  was  strongly  of  opinion,  was  essentially  a  matter  of 
expediency  and  not  of  principle,  and  its  importance  appeared  to  him 
to  have  been  much  exaggerated.  He  wished  to  point  out  that,  while 
it  might  be  convenient  to  adopt  a  certain  engine  as  an  ideal  steam- 
engine  and  to  compare  with  it  actual  steam-engines,  it  was  much 
more  than  convenient — it  was  vitally  important — to  insist  that  the 
highest  conceivable  efficiency  for  any  heat  engine,  whether  air  or 
steam  or  gas,  could  be  expressed  always  by  the  same  ratio.  In  any 
heat  engine,  with  whatever  medium  it  might  be  worked,  the  highest 

possible  efficiency  that  could  be  got  out  of  it  was  represented  by 

y  —y 
what  was  called  the  Carnot  efficiency     '^   "•     If  this  were  clearly 

understood,    no   more    would    be    heard    of   latent-heat    delusions ; 

whereas  the   notion    tbat   steam    engines  were    essentially  different 

from  air  engines  was  certain  to  be  perverted  presently,  by  those  who 

did  not  rightly  understand  the  subject,  to  the  support  of  the  most 

misleading  heresies.     By  whom  it  had  first  been  pointed  out  that  a 

steam  engine  might  be  conceived  to  work  as  a  perfect  heat-engine. 
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lie  did  not  know ;  but,  as  was  well  known,*  it  was  jiossible  to 
take  as  an  ideal  steam-engine  one  which  received  all  its  heat  at  one 
temperature  and  rejected  all  its  heat  at  another,  the  cycle  being 
comj)leted  by  an  adiabatic  expansion  and  an  adiabatic  compression 
between  those  two  temperatures  :  the  comjjression  being  the  process 
in  which  the  temperature  of  the  water  was  raised.  From  his  own 
point  of  view  both  as  an  engineer  and  as  a  teacher,  it  appeared  to  him 
to  be  a  matter  of  vital  importance  to  be  able  to  sliow  that,  if  a  steam 
engine  were  so  worked,  there  could  be  got  out  of  it  the  highest 
efliciency  that  coiild  anyhow  be  got  out  of  the  steam,  and  that  the 
efficiency  would  then  be  represented  simply  by  the  Carnot  ratio,  and 
the  steam  engine  would  be  working  as  a  perfect  heat-engine.  Of 
course  he  would  be  told  that  this  was  impossible,  because  the  engine 
was  worked  by  steam ;  and  be  admitted  that  no  one  had  yet  shown 
how  to  get  over  the  practical  difficulties  of  making  an  engine  work  in 
this  w^ay.  But  then  for  jirecisely  similar  reasons  nn  air  engine  could 
not  be  worked  jierfectly.  The  difficulty  of  working  a  steam  engine 
in  that  way  was  that  a  pump  would  have  to  be  employed  which  would 
compress  steam  adiabalically  and  finally  turn  it  all  into  water  at  the 
boiler  temperature.  This  was  physically  out  of  the  question,  the 
difficulties  being  too  great ;  but  the  physical  difficulties  of  carrying 
out  the  correct  changes  in  an  air  engine  were  just  as  great.  Even 
supposing  that  the  regenerator  were  perfect,  yet  the  other  difficulties 
were  such  that  the  working  could  not  be  carried  out  in  practice 
without  complications  as  impossible  mechanically  as  was  the 
impossibility  of  accomjdishing  the  compression  of  steam  into  water. 
After  all,  it  was  only  a  question  of  the  degree  of  similarity  between 
the  actual  and  the  ideal.  In  Mr.  Gray's  ideal  engine  (page  266) 
it  was  assumed  that  the  low-pressure  cylinder  was  big  enough 
to  work  the  steam  down  to  the  back  pressure ;  from  the  practical 
point  of  view  that  was  a  great  difference  from  any  actual  engine, 
in  which  such  immense  cylinders  could  not  be  used.  It  was  also 
assumed  that  it  was  possible  somehow  to  save  all  the  spaces 
between     the    three    consecutive    indicator    diagrams  ;     but    there 

*  See  for  instance  "  The  Steam  Engine  consideiecl  as  a  Heat  Engine ;  "  by 
Jamc  s  H.  Cotterill.     1 878,  pn  ges  1 1 7-1 1 8. 
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was  no  conceivable  arrangement  of  receiver  that  could  save  tlieso 
losses,  which  were  inherent  in  the  compound  engine.  It  was 
further  assumed  tliat  the  expansion  was  adiabatic ;  while  in  the 
actual  engine  the  utmost  pains  were  taken  to  prevent  its  being  so. 
Neither  standard  really  represented  the  actual  engine,  even  in  its 
ideal  form ;  and  having  been  so  strongly  assailed  on  this  point,  he 
wished  again  to  insist  that  the  difference  between  the  standards  was 
one  of  degree  only,  not  of  kind.  Oddly  enough,  Mr.  Willaus 
(page  263)  and  Mr.  Gray  (page  266)  by  no  means  agreed  as  to  what 
tlic  efficiency  of  the  "  Meteor  "  engines  actually  was.  This  emphasised 
his  own  view  that  the  absolute  value  of  the  ratio  called  efficiency  had 
no  great  importance.  The  real  value  of  calculated  efficiencies  was 
essentially  comparative,  not  absolute.  Different  engines  should  be 
compared  by  some  standard  which  should  not  vary  with  the  different 
kinds  of  engines ;  and  he  did  not  quite  understand  how,  according 
to  Mr.  Gray  (page  2GG),  the  standard  of  comparison  adopted  in 
the  report  was  a  fair  one  for  different  engines  of  low  pressure, 
but  became  wrong  for  those  of  high  pressure.  It  would  be 
noticed  that  in  page  245  the  comparison  was  not  with  a  perfect 
engine  working  between  the  same  limits  of  temperature  and 
using  the  same  weight  of  steam,  but  "receiving  the  same  quantity 
of  heat,"  which  made  a  great  difference  in  the  result.  In  the 
accompanying  Table  2  he  had  worked  out  the  possible  efficiencies 
of  five  different  kinds  of  engines,  both  according  to  the  method 
followed  in  the  report,  and  also  according  to  Mr.  Gray's  method  ; 
and  a  comparison  of  columns  G  and  8  showed  that  the  possible 
efficiencies  were  not  so  totally  different  as  according  to  Mr.  Gray 
they  ought  to  be.  The  Table  included  a  quadruple-expansion 
engine  working  at  200  lbs.  pressure  above  atmosphere  and 
condensing ;  a  trij^le-cxpansion  engine  working  at  150  lbs.  and 
condensing ;  an  ordinary  factory  engine  working  at  60  lbs.  pressure 
and  condensing  ;  a  Watt  engine  working  at  10  lbs.  pressure  and 
condensing ;  and  a  locomotive  working  at  150  lbs.  non-condensing. 
This,  he  submitted,  was  a  large  range.  Classifying  the  five  engines 
in  the  order  of  the  quantity  of  heat  which  they  severally  received 
per  pound  weight  of  steam  supplied   to  each,  as  given  in  column  4, 
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it  was  seen  that  the  factory  engine  liapixned  to  come  in  the  middle 
place ;  and  its  possible  efficiency  according  to  the  two  methods  of 
calculation  was  therefore  taken  for  convenience  as  unity  in  the  two 
ratio  columns  7  and  9.  Thus  in  the  quadruple  engine  the  possible 
efficiency  calculated  according  to  the  method  followed  in  the  rejiort 
was  1-285  times  that  possible  in  the  factory  engine,  and  according  to 
Mr.  Gray's  method  1  •  2(30  times ;  and  so  on  for  the  three  other  engines. 
The  final  column  10  gave  the  ratio  of  column  7  to  column  9,  sliowing 
that  the  maximum  difference  between  the  two  methods  of  calculation 
did  not  exceed  2  per  cent.,  which  was  not  worth  fighting  about. 

With  regard  to  Mr.  Adamson's  remarks,  some  of  them  he  thought 
were  to  be  dejirecated,  inasmuch  as  the  Committee  were  not 
responsible  for  the  engines ;  and  be  was  sorry  that  the  question  of 
their  actual  merits  had  been  introduced,  because  be  thought  the 
criticism  on  them  was  uot  entirely  just.  In  any  case  the  design  of 
the  engines  was  not  on  its  trial;  the  details  of  the  machinery  had 
not  been  described  in  the  report,  and  it  had  not  been  intended  that 
the  engine  builders  should  be  put  on  their  defence.  Nevertheless 
be  might  say  that  if  be  were  again  designing  a  set  of  marine  engines 
he  should  be  jiroud  if  he  could  design  a  pair,  or  a  triplet,  that 
would  do  the  work  tbese  engines  were  doing.  For  certain  tidal 
reasons  the  engines  were  designed  to  run  northwards  from  London 
to  Leith  five  hours  quicker  than  they  came  south.  Their  proper 
indicated  horse-j)ower  going  north  was  3,000 ;  coming  south  it  was 
only  2,000.  It  had  thus  been  necessary  to  design  a  set  of  engines 
which  should  work  alternately  under  a  forced  draught  at  3,000  I.H.P., 
and  under  a  natural  draught  at  2,000  I.II.P.  That  was  a  difficult 
object  to  accomplish,  and  he  thought  the  designer  deserved  the 
greatest  credit  for  the  way  in  which  he  had  carried  it  out.  There 
was  also  the  question  about  the  management  of  the  fires  during 
the  trial.  The  fires  could  not  be  managed  down  in  the  stoke-hole 
in  the  same  way  that  they  could  in  carrying  on  trials  with  a 
stationary  or  a  locomotive  boiler.  The  firing  in  the  "  Meteor  "  had 
been  fair  ordinary  firing,  and  it  had  been  as  good  as  the  Committee 
could  get ;  the  fact  that  it  had  not  been  as  good  as  it  might  be  came 
out  plainly  enough  from  the  results. 
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In  rejily  to  Mr.  Fotliergill's  remarks  he  migbt  explain  that, 
however  ready  the  ship-owners  were  said  to  be  to  allow  their  engines 
to  be  tested,  it  had  been  difficult  to  get  even  a  single  ship  which  the 
Committee  might  test  in  their  own  way.  It  was  really  not  a  case 
in  which  there  was  a  possibility  either  of  choosing  from  half-a-dozen 
engines,  or  of  carrying  out  a  preliminary  trial,  because  the 
preliminary  trial  would  itself  have  involved  so  much  time  and 
expense  as  to  be  out  of  the  question. 

With  regard  to  the  proper  position  of  the  indicators,  he  would 
only  say  that  he  was  delighted  to  hear  what  had  been  said.  If 
marine  engineers  were  alive  to  the  fact  that  they  could  get  5  or  10 
j)er  cent,  more  indicated  horse-jiower  out  of  the  engines  by  j)utting 
indicators  on  j)roperly  than  when  they  were  not  put  on  properly,  he 
was  quite  satisfied.  But  surely  it  was  not  for  the  Committee  to  put 
the  indicators  on  imin'opoily  in  order  to  comj)are  with  other  engines. 
The  report  had  given  the  real  indicated  horse-power,  as  well  as  it 
could  be  measured ;  and  it  being  admitted  that  this  method  of 
measuring  the  power  was  the  right  one,  he  thought  that  other 
engineers  must  come  round  to  it,  and  not  vice  versa. 

As  to  Mr.  "Willans's  criticism  (page  262)  about  the  heat  supplied 
to  raise  the  feed  from  120°  to  160°,  it  ought  to  b^  cxplaii\cd  that 
this  operation  was  really  carried  on  by  help  of  steam  taken  from  the 
engine,  so  that  this  heat  was  in  fact  a  part  of  tbo  528,700  thermal 
units,  although  not  actually  utilised  in  the  boiler  directly.  Under 
these  conditions  he  thought  he  was  justified  in  stating  the  matter  i  - 
he  had  done.  The  lower  limit  of  temperature  had  been  taken  a* 
120^5  after  much  discussion  in  committee,  instead  of  146  ,  tiie 
temperature  corresponding  with  the  back  pressure.  A  good  deal 
could  be  said  in  favour  of  either  figure. 

In  reply  to  Major  English  (page  276),  he  had  had  the  receiver 
volumes  computed  from  the  drawings,  and  found  the  receiver  between 
the  high-pressure  and  intermediate  cylinders  to  be  about  22  "3  cubic 
feet,  and  that  between  the  intermediate  and  low-pressure  cylinders 
about  50*2  cubic  feet.  As  to  the  meaning  of  the  expanded  indicator 
diagrams  (page  276),  he  thought  Professor  Unwin  had  perhaps 
overlooked  the  description  of  Plate   48  in  the  report,  in  which  it 
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■was  distinctly  stilted  (page  24G)  that  AB  was,  as  he  had  said  in 
jjage  278,  the  dillercncc  between  a  volume  during  expansion  and  a 
volume  during  compression,  at  the  same  pressure. 

The  calorific  value  of  the  coal  (page  281)  was  calculated  simplj 
from  its  carbon  and  hydrogeu,  and  included  the  lieat  which  would 
have  to  be  expended  in  evaporating  the  10  •G8  per  cent,  of  water^ 
which,  as  given  on  page  244  of  the  report,  amounted  to  about  1-2  per 
cent,  of  the  12,790  thermal  units.  In  the  passage  in  the  report 
(page  244)  about  the  4  per  cent,  of  clinker,  referred  to  by  Mr. 
Anderson  (page  281),  the  meaning  was  that  much  of  the  material 
which  eventually  formed  the  clinker  was  originally  in  stony  and  bad 
lumps  in  the  coal,  which  was  altogether  of  poor  quality.  Such  lumps 
were  rejected  in  making  the  sample  for  analysis,  although  they  were  of 
course  put  on  the  fire  as  part  of  the  weighed  coal.  The  coal  gave  only 
3  "46  per  cent,  of  ash  on  analysis,  but  the  ash  and  clinker  together 
amounted  on  the  trial  to  6  •  5  i^er  cent.  It  was  on  this  ground  that  he 
thought  the  remark  about  the  clinker  in  page  244  of  the  report  was. 
justified  ;  but  he  quite  admitted  that  the  point  was  a  doubtful  one. 

If  Mr.  Halpiu  were  successful  with  his  meter  measurements 
(page  296),  he  hoped  he  would  make  the  results  known.  At  present 
the  Committee  had  not  been  able  to  make  up  their  minds  that  any 
meter  could  be  trusted  with  these  very  large  quantities  of  water  and 
under  the  conditions  of  a  marine  engine.  If  such  an  instrument 
could  be  found,  it  would  be  an  immense  help  in  exi)erimental  work 
of  this  kind. 

The  President  was  sure  the  Members  would  all  join  in  tendering 
a  hearty  vote  of  thanks  to  Professor  Kennedy,  as  well  as  to  the 
Committee  of  which  he  was  Chairman,  for  the  arduoiis  task  which 
they  had  so  faithfully  discharged  for  the  benefit  not  only  of  the 
Institution  but  of  engineers  all  over  the  world.  With  the  name  of 
Professor  Kennedy  that  of  Mr.  Edwards  should  also  be  sj)ecially 
mentioned.  He  looked  upon  the  present  report  as  the  starting  point 
of  a  series  of  practical  investigations,  which  could  not  fail  to  benefit 
the  whole  marine  engineering  world,  and  to  redound  to  the  credit  of 
the  Institution. 


May  1889. 
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DESCRIPTION  OF  AN 
APPAPiATUS  FOR  DRYING  IN  VACUUM. 


By  Me.  EMIL  PASSBURG,  of  Breslac. 
CojnrrxiCATED  through  Mr.  SAMUEL  GEOGHEGAX,  of  Dublix. 


Wet  Bij-produds. — The  by-products  consisting  of  -^-et  grains 
from  breweries,  distilleries,  &c.,  and  of  root-chips  from  sugar 
manufactories,  form  in  many  cases  food- stuff  of  great  value;  but 
on  account  of  the  great  quantity  of  water  they  contain,  they  are 
subject  to  rapid  destruction  by  decomposition,  and  their  nutritious 
qualities  especially  suffer  most.  The  same  cause  also  prohibits  their 
carriage  over  any  great  distance.  In  the  case  of  wet  beer-grains 
for  instance,  carriage  has  to  be  paid  for  about  75  per  cent,  of  water. 
Hitherto  therefore  it  has  been  necessary  to  utilise  these  by-products 
on  the  spot  where  they  are  produced,  or  at  least  in  close  proximity 
thereto,  as  well  as  with  the  least  possible  delay.  The  natural 
consequence  is  a  low  price  for  such  products,  of  which  moreover  the 
supply  is  often  greater  than  the  demand,  and  thus  prevents  their 
realising  anything  like  their  market  value,  particularly  during  the 
hot  summer  months,  when  plenty  of  other  food-stuff  is  to  be  had. 
The  old  plan  of  preserving  such  perishable  substances  in  pits  or 
silos  is  only  a  very  rough  and  poor  remedy,  and  does  not  answer  its 
purpose  at  all  completely ;  for,  notwithstanding  all  precautions, 
decomposition  sets  in,  and  a  loss  of  as  much  as  50  per  cent,  in  the 
nutritious  qualities  is  generally  sustained,  while  at  the  same  time 
the  moisture  is  by  no  means  reduced,  and  consequently  carriage  still 
remains  impracticable. 

Importance  of  Drying. — It  has  long  been  endeavoured  to  overcome 
these  disadvantages  by  removing  the  surplus  moisture  by  drying  tho 
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by-in"Oclucts,  so  as  to  allow  of  stcning  aud  transporting  tlicm,  and  at 
the  same  time  of  realising  their  full  market  value.  The  result  of  such 
endeavours  has  been  the  construction  of  different  kinds  of  drying 
machines,  which  has  certainly  been  a  step  in  the  right  direction, 
inasmuch  as  drying  is  undoubtedly  the  surest  and  safest  way  of 
preserving  this  class  of  perishable  substances.  The  removal  of  the 
water  overcomes  at  once  the  two  great  obstacles  previously 
encountered.  The  rapid  decomiiosition  ceases  ;  and  carriage  to  a 
distance  becomes  practicable,  because  the  reduction  in  weight  is  very 
considerable.  The  consequence  is  that  these  by-products  so  dried 
fetch  their  full  market  value. 

To  solve  this  problem  however  has  not  been  so  easy  a  task, 
because,  besides  the  necessity  of  keeping  the  expenses  of  drying  as 
low  as  possible,  a  low  temperature  also  has  to  be  employed  during 
the  drying  process  wherever  it  is  wished  that  the  dried  substance 
should  retain  its  chemical  composition  unchanged,  which  in  any 
article  of  food  is  a  most  important  point  for  enabling  a  profitable 
result  to  be  obtained.  In  general  two  drawbacks  have  rendered 
themselves  conspicuous  in  connection  with  the  drying  machines 
hitherto  in  use  :  either,  in  order  to  shorten  the  drying  process  as 
much  as  possible,  aud  to  make  it  sufficiently  economical,  too  great  a 
heat  has  been  employed,  with  the  unavoidable  result  of  seriously 
.  deteriorating  the  nutritious  qualities  of  the  material  ;  or  else,  when 
a  longer  time  and  a  lower  temperature  have  been  employed  for  drying, 
the  caj^acity  of  the  machines  has  been  so  small  that  the  working 
expenses  have  rendered  the  process  unsuccessful  commercially.  In 
both  cases  the  advantages  of  drying  are  outweighed  by  the 
disadvantages  incurred  ;  and  it  is  on  this  account  that  the  drying  of 
such  perishable  by-products  has  not  become  more  general,  as  it 
ought  to  have  done  in  consideration  of  its  importance. 

Bequh'ements  in  Dryinfj. — The  following  are  considered  by  the 
author  to  be  the  three  essential  requirements  for  a  successful  and 
economical  process  of  drying : — firstly,  cheaj)  evaporation  of  the 
moisture ;  secondly,  quick  drying  at  a  low  temperature ;  thirdly, 
large  capacity  of  the  ajiparatus  employed. 
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The  removal  of  tlie  moisture  can  be  effected  iu  eitlier  of  two 
ways  :  eitlier  by  slow  evaporation  ;  or  by  quick  evaporation,  that  is, 
by  boiling. 

Slow  Evaporation. — The  principal  idea  carried  into  practice  in 
machines  acting  by  slow  evaporation  is  to  bring  the  wet  substance 
repeatedly  into  contact  witli  the  inner  surfaces  of  the  apparatus, 
which  are  heated  by  steam,  while  at  the  same  time  a  current  of  hot 
air  is  also  passing  through  the  substance  for  carrying  off  the  moisture. 
This  method  rec[uires  much  heat,  because  the  hot-air  current  has  to 
move  at  a  considerable  speed  in  order  to  shorten  the  drying  process 
as  much  as  possible  ;  consequently  a  great  quantity  of  heated  air 
passes  through  and  escapes  unused.  As  a  carrier  of  moisture  hot 
air  cannot  in  practice  be  charged  beyond  half  its  full  saturation  ;  and 
it  is  in  fact  considered  a  satisfactory  result  if  even  this  proportion  be 
attained.  It  is  evident  that  a  great  amount  of  heat  is  here  produced 
which  is  not  used,  and  the  expense  of  drying  is  accordingly  high ; 
whilst  with  scarcely  half  the  cost  for  fuel  a  much  quicker  removal  of 
the  water  is  obtained  by  heating  it  to  the  boiling  point. 

Qu'ich  Euaporation  by  hoilinrj. — This,  as  is  well  known,  does  not 
take  place  until  the  water  to  be  evaporated  is  brought  up  to  the 
boiling  point  and  kept  there,  namely  212''  Fahr.  or  100'^  Cent,  under 
atmospheric  pressure.  The  vapour  generated  then  escapes  freely. 
Liquids  are  easily  evaporated  in  this  way,  because  by  their  motion 
consequent  on  boiling  the  heat  is  continuously  conveyed  from  the 
heating  surfaces  right  through  the  liquid.  But  it  is  different  with 
solid  substances,  and  many  more  difficulties  have  to  be  overcome, 
because  convection  of  the  heat  ceases  entirely  in  solids.  The 
substance  remains  motionless,  and  consequently  a  much  greater 
quantity  of  heat  is  required  than  with  liquids  for  obtaining  the  same 
results.  With  less  heat  such  results  would  only  be  possible  if  there 
were  a  great  difference  between  the  boiling  point  of  the  water 
contained  in  the  substance  to  be  dried  and  the  temperature  of  the 
heating  surfaces  ;  but  to  carry  this  out  in  practice  under  atmospheric 
pressure  would  be  impracticable,  because  steam  of  the  required  high 
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temperature  for  the  Leating  surfaces  would  be  of  too  liigli  a  pressure. 
Anotlier  drawback  is  that  the  temperature  of  boiling  water  under 
atmospheric  pressure  is  so  high  that  in  most  cases  the  nutritious, 
qualities  of  the  material  to  be  dried  woukl  be  seriously  impaired 
thereby,  and  the  value  of  the  whole  material  as  food-stull'  would  thus 
be  lessened. 

Evaporailon  in  Vacuum. — All  tlio  foregoing  disadvantages  are 
avoided  if  the  boiling  point  of  water  is  lowered,  that  is,  if  the 
evaporation  is  carried  out  under  vacuum.  This  plan  is  widely  known 
and  used  for  liquids,  but  not  so  for  solid  substances.  For  the  latter 
it  has  first  been  successfully  applied  in  practice  by  the  author's 
vacuum-drying  apparatus,  which  is  designed  to  evajiorate  large 
quantities  of  Avater  contained  in  solid  substances,  in  as  short  a  time 
and  at  as  low  a  temperature  and  expense  as  possible.  Former  plans 
for  drying  solid  substances  have  not  possessed  the  capacity  of  the 
author's  apparatus,  firstly  on  account  of  their  having  been  attempted 
on  a  much  smaller  scale,  with  much  smaller  heating  surface  ;  and 
secondly,  on  account  of  the  water  being  evaporated  by  boiling  under 
atmospheric  pressure,  whereas  the  evaporation  cannot  be  done  at  less 
expense,  in  shorter  time,  and  in  smaller  space,  except  when  it  is 
effected  in  a  vacuum.  Although  it  has  often  enough  been  tried  to  use 
a  vacuum  in  practice  for  the  drying  of  solid  substances,  as  it  has  been 
so  successfully  employed  for  liquids,  yet  the  attempt  has  always 
been  given  up  again  ;  and  even  for  laboratory  work  the  author  is  not 
aware  of  the  plan  having  anywhere  been  applied. 

Apparatus  for  Drying  in  Vacuum. — As  shown  in  Figs.  1  to  4, 
Plates  56  to  58,  the  drying  apparatus  consists  of  a  top  horizontal 
cylinder  A  surmounted  by  a  charging  vessel  C  at  one  end,  and  a 
bottom  horizontal  cylinder  B  with  a  discharging  vessel  D  beneath 
it  at  the  same  end.  Both  cylinders  are  encased  in  steam-jackets 
heated  by  exhaust  steam.  In  the  top  cylinder  works  a  revolving 
cast-iron  screw  S  with  hollow  blades,  Figs.  3  and  4,  which  is  also 
heated  by  exhaust  steam.  The  bottom  cylinder  contains  a  revolving 
drum  of  tubes  T,  consisting  of  one  large  central  tube  surrounded  by 
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two  dozen  smaller  one:?,  all  fixed  in  tube-plates  at  both  ends ;  this 
drum  is  heated  by  live  steam  direct  from  the  boiler.  The  substance 
to  be  dried  is  fed  into  the  charging  vessel  C  through  two  manholes, 
and  is  carried  along  the  top  cylinder  A  by  the  screw  creej)er  to  the 
back  end,  where  it  drops  through  the  valve  U  into  the  bottom 
-cylinder  B,  in  which  it  is  lifted  by  blades  attached  to  the  drum  T 
and  travels  forwards  in  the  reverse  direction ;  from  the  front  end  of 
the  bottom  cylinder  it  falls  into  the  discharging  vessel  D  through 
another  valve  V,  having  by  this  time  become  dried.  The  vapour 
arising  during  the  process  is  carried  off  by  an  air-pump,  through  a 
dome  and  air-valve  E  on  the  top  of  the  upper  cylinder,  and  also 
through  a  throttle-valve  F  on  the  top  of  the  lower  cylinder ;  both  of 
these  valves  are  sujiplied  with  strainers. 

As  soon  as  the  discharging  vessel  D  is  filled  with  dried  material, 
the  valve  V  connecting  it  with  the  bottom  cylinder  is  shut,  and 
the  dried  charge  taken  out  without  impairing  the  vacuum  in  the 
apparatus.  When  the  charging  vessel  C  requires  replenishing, 
the  intermediate  valve  U  between  the  two  cylinders  is  shut,  and 
the  charging  vessel  filled  with  a  fresh  supply  of  wet  material ;  the 
vacuum  still  remains  unimpaired  in  the  bottom  cylinder,  and  has  to 
be  restored  only  in  the  toj)  cylinder  after  the  charging  vessel  has 
been  closed  again. 

The  practical  success  of  this  apparatus  is  owing  to  the  employment 
of  the  vacuum  and  to  the  arrangement  of  the  heating  surfaces,  as 
well  as  to  the  construction  in  general,  whereby  the  charging  of  the 
wet  substaiice  and  discharging  of  the  dried  are  effected  without 
destroying  the  vacuum  in  the  bottom  cylinder,  which  constitutes  the 
main  drying  chamber  of  the  apparatus.  In  this  vacuum  the  boiling 
point  of  the  water  contained  in  the  wet  material  is  brought  down 
■as  low  as  110^  Fahr.  or  43''  Cent. ;  the  difference  bet^yeen  thi.s 
temperature  and  that  of  the  heating  surfaces  is  amply  sufficient  for 
■obtaining  good  results  from  the  employment  of  exhaust  steam  for 
heating  all  the  surfaces  except  the  revolving  drum  of  tubes.  Under 
:atmosplicric  pressure  this  difference  of  temj)erature  would  not  exist ; 
■and  to  the  same  cause  is  also  due  the  short  time  occupied  in  drying, 
notwithstanding  the  low  temperature  employed.    The  water  contained 
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in  the  solid  substance  to  be  clrie;!  evaporates  as  soon  as  the  latter  is 
heated  to  about  110  Fahr, ;  and  as  long  as  there  is  any  moisture  to 
be  removed  the  solid  substance  is  not  heated  above  this  temperature. 
The  dried  product  therefore  remains  perfectly  unaltered  in  every 
resi>ect,  and  is  not  in  the  least  impaired  in  its  chemical  composition 
and  nutritious  i)roperties  by  the  drying  process.  But  it  is  not  only 
time  that  is  gained ;  there  is  also  a  great  saving  in  the  cost  of 
drying,  because  all  the  heat  expended  is  here  usefully  employed,  and 
the  vapour  leaving  the  apparatus  is  fully  charged  with  moisture, 
which  is  a  result  widely  diflferent  from  that  obtained  by  slow 
evaporation  under  atmospheric  pressure.  For  solid  substances 
containing  moisture  therefore  this  vacuum-drying  apparatus  is 
considered  to  be  the  most  economical. 

If  all  the  water  were  evaporated  from  the  substances  to  be  dried, 
the  latter  would  of  course  be  heated  up  to  the  same  temperature  as 
the  heating  surface,  and  would  thereby  be  injured.  This  was  one  of 
the  drawbacks  connected  with  former  plans  of  drying ;  but  it  does 
not  occur  in  the  regular  working  of  the  vacuum  apparatus,  because 
such  substances  as  beer  grains  or  distillery  grains,  oats,  barley, 
&c.,  are  never  completely  dried,  but  are  always  taken  out  of  the 
apparatus  while  still  retaining  from  7  to  12  per  cent,  of  moisture. 
Even  if  they  contained  less,  they  would  rapidly  absorb  again  from 
the  atmosphere  such  a  quantity  of  moisture  as  their  chemical 
composition   allows. 

Practical  Applications. — This  plan  of  drying  is  already  in  use 
for  various  solid  substances,  and  the  result  has  in  every  case  been 
remarkably  satisfactory.  Wet  grains  from  a  brewery  or  distillery, 
containing  from  75  to  78  per  cent,  of  water,  have  by  this  drying 
process  been  converted  in  some  localities  from  a  worthless  incumbrance 
into  a  food-stuflp  highly  valued  and  sought  after.  The  water  is 
removed  by  evaporation  only,  no  previous  mechanical  pressing  being 
resorted  to ;  hence  absolutely  the  whole  of  the  solid  matter  is 
retained,  of  which,  in  any  process  of  pressing,  a  large  projDortion 
would  have  been  carried  off  in  a  dissolved  state  in  the  water.  The 
result  is  a  dry  food-stuff,  rich  in  quality  and  good  in  appearance. 
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From  malt  the  removal  of  tlie  moisture  wlilcli  it  contains 
lias  to  be  effected  very  carefully,  and  required  in  the  old  fashioned 
kilns  as  much  as  forty-eight  hours,  because  the  low  temperature 
necessary  could  be  secured  only  by  slow  combustion ;  this  method 
was  and  always  is  a  risky  one.  In  the  first  stages  of  the 
drying  of  malt  the  temj^erature  has  to  be  kept  very  low ;  and 
in  the  vacuum  aj)paratus  therefore  hot  water,  of  which  the 
temperature  is  easily  regulated  by  a  thermometer,  is  used  instead 
of  steam  as  the  heating  agent  at  the  outset,  while  at  the  same 
time  as  high  a  vacuum  as  possible  is  created  in  the  drying 
cylinders  by  an  air-pump  of  special  construction.  lu  Figs.  5  to  7, 
Plates  59  and  60,  is  shown  an  ali*-pump  consisting  of  a  pair  of 
vertical  single-acting  pumj)S  P,  worked  from  opi^osite  ends  of  a 
crank-shaft,  which  is  driven  by  a  steam  cylinder  and  controlled  by  a 
pair  of  heavy  fly-wheels  ;  it  gives  a  vacuum  of  29  inches  of  mercury. 
Even  at  so  low  a  temperature  as  only  87^  Fahr.  or  30^  Cent,  vapour 
already  rises  from  the  malt  and  is  carried  off  by  the  air-pump. 
After  two  hours'  drying  at  this  low  temj)erature  the  malt  is  dry 
enough  for  steam  to  bo  used  instead  of  hot  water,  without  incurring 
the  danger  of  overheating  the  malt  and  thereby  forming  inside  the 
grains  a  hard  or  horny  yellowish  substance  called  glass-malt,  which 
is  unfit  for  the  production  of  beer  or  alcohol,  and  displaces  jiart  of 
the  soft  powdery  flour  that  otherwise  constitutes  the  whole  content 
of  the  grains.  After  another  hour  or  two  the  malt  is  quite  dry,  the 
complete  drying  thus  occupying  only  from  three  to  four  hours, 
instead  of  the  forty-eight  usually  necessary  in  the  old  kilns.  When 
di-y  a  still  higher  heat  is  applied  to  the  malt  for  a  short  time,  in 
order  to  give  it  the  aj)pearance  which  it  is  considered  good  malt  for 
brewing  ought  to  possess.  In  some  cases  it  would  be  practicable 
for  a  brewery  which  does  its  own  maltiug  to  use  apparatus  of  this 
kind  in  the  hot  summer  months  for  the  drying  of  beer  grains,  and 
during  the  winter  for  malting.  But  if  the  aj^paratus  is  intended  to 
be  used  for  malting  only,  a  few  modifications  are  advisable ;  and  in 
most  cases  it  pays  better  to  dry  the  beer  grains  all  the  year  round, 
because  in  a  wet  state  they  do  not  fetch  a  price  approaching  what 
they  do  after  being  dried.     Wet  grains  can  be  given  only  to  milch 
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COWS  or  to  cattle  for  fattening  ;  ^vllilst  tlried  grains,  being  a  splendiil 
substitute  for  oats,  can  be  given  to  horses  and  also  to  sheej)  &c.,  for 
whicb  they  have  hitherto  been  unavailable. 

At  JMessrs.  Guinness's  brewery  in  Dublin  the  Members  had 
the  opportunity  at  the  last  summer  meeting  of  seeing  the  two 
machines  tliere  employcLl.  In  each  of  these  the  top  cylinder  is 
20  ft.  4  ins.  long  and  2  ft.  8  ins.  diameter,  and  the  screw  working 
inside  it  makes  7  revolutions  per  minute ;  the  bottom  cylinder 
is  19  ft.  2  ins.  long  and  5  ft.  4  ins.  diameter,  and  the  drum  of 
tubes  inside  it  makes  5  revolutions  per  minute.  The  drying 
■surfaces  of  the  two  cylinders  amount  together  to  a  total  area 
•of  about  1,000  square  feet,  of  which  about  40  per  cent,  is  heated 
by  exhaust  steam  and  60  per  cent,  by  live  steam  direct  from  the 
boiler.  There  is  only  one  air-pump,  which  is  made  large  enough 
for  three  machines ;  it  is  horizontal,  and  has  only  one  air-cylinder, 
which  is  double-acting,  17f  inches  diameter  and  17f  inches  stroke; 
fl,nd  it  is  driven  at  about  45  revolutions  per  minute.  As  the  result 
-of  about  eight  months'  experience  up  to  the  beginning  of  the  jn'osent 
year,  the  two  machines  were  found  to  have  been  working  quite 
satisfactorily,  and  to  have  been  drying  the  wet  grains  from  about 
500  cwts.  of  malt  per  day  of  twenty-four  hours,  which  is  in  excess  of 
the  estimated  and  guaranteed  quantity. 

Eoughly  speaking  3  cwts.  of  malt  give  4  cwts.  of  wet  grains, 
and  the  latter  yield  1  cwt.  of  dried  grains ;  500  cwts.  of  malt  will 
therefore  yield  about  670  cwts.  of  wet  grains,  or  335  cwts.  per 
machine.  The  quantity  of  water  to  bo  evaporated  from  the  wet 
grains  is  from  75  to  78  per  cent,  of  their  total  weight,  or  say  about 
512  cwts.  altogether,  being  256  cwts.  per  machine.  Instead  however 
of  obtaining  only  one-third  of  the  malt  in  the  shape  of  dried  grains, 
the  author  often  gets  38  per  cent,  or  more,  according  to  the  system  of 
brewing.  While  the  value  of  grains  before  and  after  drying  depends , 
of  course  very  much  upon  the  local  markets,  the  following  iigures  are 
believed  by  the  author  to  represent  a  fair  average  for  this  country  : — 
wet  grains  fetch  from  Is.  6c?.  to  Is.  9cZ.  per  quarter  of  mashed  malt 
(3  cwts.),  whilst  dried  grains  are  sold  at  from  4s.  Gd.  to  6s.  6d.  and ; 
upwards  per  cwt.,  which  represents  about  one  quarter  of  mashed  malt. 
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Grain  damaged  at  sea  can  be  dried  by  tliis  apparatus  with  the 
greatest  advantage  and  economy ;  as  can  also  grain  harvested  in  a 
wet  season,  and  containing  too  much  moisture  to  be  stored  at  once, 
as  is  often  the  case  with  barley,  oats,  wheat,  rye,  &c.,  for  which 
hitherto  kiln-drying  has  had  to  be  resorted  to.  In  such  cases  the 
water  only  adheres  externally,  and  is  not  contained  within  the  grains 
themselves,  as  it  is  in  brewery  or  distillery  grains  ;  it  is  therefore 
evaporated  rapidly,  and  thus  the  drying  capacity  of  the  apparatus  is 
largely  increased.  In  general  the  quantity  of  water  to  be  removed 
is  not  more  than  from  20  to  30  per  cent,  of  the  whole  weight  of  the 
wetted  material ;  hence  an  apparatus  which  evaporates  20  tons  of 
water  out  of  beer  grains  in  twenty-four  hours  dries  easily  in  the  same 
time  200  tons  of  grain  containing  only  20  to  30  per  cent,  of  moisture. 
Of  course  an  alteration  in  the  mode  of  charging  and  discharging 
becomes  necessary,  in  order  to  render  the  drying  process  altogether 
continuous ;  and  this  is  easily  arranged  by  means  of  perforated 
revolving  plates  or  discs,  or  other  similar  ajjpliances. 

The  above  examples  are  only  a  few  of  those  in  which  this  plan  of 
drying  can  be  ajJi^lied  with  great  advantage  and  with  the  best  results. 
Chemicals  also  offer  a  large  field,  in  which  this  method  of  drying  in 
vacuum  could  be  introduced  with  good  effect. 


Discussion. 

Mr.  WiLLiAii  Steohn  regretted  that  his  partner,  Mr.  Passburg, 
had  been  unable  to  come  from  Breslau  to  attend  the  Meeting  as  the 
author  of  the  paper. 
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Professor  Kennkdy  enquired  what  it  was  that  gave  the  creeping 
action  in  tlio  bottom  cylinder  for  making  the  grain  travel  forwards 
from  the  back  end  to  the  front.  The  blades  on  the  revolving  drum 
seemed  to  be  shown  straight  and  parallel  to  the  axis  of  the  drum, 
instead  of  being  set  helically. 

Mr.  SiEonx  replied  that  no  creeping  action  was  required  to  bo 
given  by  the  drum  in  the  lower  cylinder.  The  grains  when  dry 
drojiped  into  the  discharge  vessel  D,  Plates  56  and  58,  and  emptied 
themselves  out  of  the  cylinder  without  receiving  any  creoj)ing  action 
from  the  dram.  The  revolving  action  of  the  bludes  stirred  the 
grains,  and  they  formed  a  falling  gradient  from  the  back  cud  of  tlio 
cylinder  towards  the  front,  so  that  tliry  were  gradually  pushed 
forwards  by  the  pressure  of  the  higher  grains  at  the  back  end. 

Mr.  Egbert  Baei.z  asked  how  the  author  had  arrived  at  the 
price  of  the  wet  grains  as  given  in  page  314  from  Is.  6(7.  to  Is.  9c?. 
The  London  j)ricc  was  about  2s.  GcL,  which  made  a  great  difference. 
Some  time  ago  Messrs.  Guinness's  price  was  £3  10s.  per  ton  of  dried 
grains,  bags  iucli;ded  ;  the  bags  cost  at  that  time  of  the  year  about  12s. 
per  ton,  which  would  bring  the  price  of  the  dried  grains  to  £2  18s. 
j)er  ton.  The  price  of  dried  grains  given  in  the  paper,  from 
4s.  Gd.  to  Go.  6d.  per  cwt.,  would  be  from  £4  10s.  to  £6  10s. 
per  ton,  while  Messrs.  Guinness  supplied  them  at  £2  18s.  Being 
much  interested  in  the  machine,  he  should  be  glad  to  know  what 
was  the  consumption  of  coal  per  ton  of  dried  grains,  and  also  how 
many  workmen  were  wanted  for  charging  and  discharging  the 
machine. 

Mr.  Edward  B.  Marten,  Member  of  Council,  wished  he  had  paid 
more  attention  to  this  machine  at  the  Dublin  Meeting  last 
summer,  when  the  Members  had  the  opj)ortunity  of  seeing  it  at 
Messrs.  Guinness's  brewery,  where  he  understood  it  was  then 
working ;  and  it  would  have  been  advantageous  if  the  present  paj)er, 
which  had  since  been  received,  could  have  been  read  at  a  time  when 
they  could  have  seen  the  machine  itself.    Having  now  read  the  paj^er 
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with  iutcrest,  lie  had  been  puzzled  to  understand  why  so  apimrent 
an  advantage  as  that  of  drying  in  a  vacuum  should  not  have  been 
adopted  before.  It  was  almost  difficult  to  believe  that  this  was  the 
only  apparatus  ever  used  for  the  same  purpose.  Though  in  exactly 
the  opposite  direction,  it  almost  seemed  as  great  an  improvement  as 
Paj)in's  digester  had  been  for  dissolving  various  maturials  under 
higher  pressure  and  higher  temperature.  In  the  present  case 
advantage  had  been  taken  of  a  vacuum  for  obtaining  the  evaporation 
at  such  a  low  temperature  ;  and  the  adoption  of  so  valuable  a  method 
had  apparently  had  to  await  the  time  when  a  material  had  to  be  tried 
which  would  not  bear  a  high  temperature.  Xo  doubt  drying  in  a 
vacuum  had  been  employed  before  for  liquids  ;  but  the  difficulty 
with  ^vet  grains  was  that  they  formed  an  almost  immovable  solid 
when  first  put  in,  though  when  nearly  dry  the  grain  was  movable 
enough,  for  it  ran  like  liquid.  He  asked  whether  the  author  knew 
what  other  attempts  had  been  made  on  the  same  i^riuciple ;  because 
it  woiild  be  interesting  to  compare  the  results  now  described  with 
what  others  had  done.  He  should  also  like  to  know  the  kind  of 
air-pump  used  in  the  apparatus,  because  the  one  shown  in  Plate  59 
appeared  from  the  mention  made  of  it  in  the  paper  (page  313)  to  be 
only  for  drying  malt ;  but  he  presumed  it  was  something  like  the 
one  for  drying  grains.  Had  the  pump  to  take  the  whole  of  the 
vapour  and  pump  it  as  vapour  ?  or  were  there  any  means  of 
condensing,  so  as  to  reduce  the  bulk  that  had  to  be  pumped  in  order 
to  keep  up  the  vacuum?  He  also  enquired  whether  in  the  lower 
cylinder  there  was  any  tendency  for  material  not  quite  dry  to  stick 
and  clog,  as  he  should  fancy  that  wet  material  would  sometimes  do. 
Did  it  never  fasten  on  the  hot  tubes?  or  what  cleared  it  away 
from  them?  He  further  wished  to  know  whether  the  same 
principle  had  been  applied  to  drying  rapidly  the  sludge  coming 
away  from  sanitary  works,  which  seemed  to  be  such  a  puzzle  to 
sanitary  engineers.  It  seemed  strange  that  a  principle  which  had 
been  known  for  years  had  not  been  applied  to  so  obvious  a  use. 

Mr.  Frederick   Colter  said  a  plan  of  drying  grains,  which  Tis 
far  as  he  knew  was  somewhat  similar  to  that  now  described,  bad 
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been  introduced  into  tliis  country  about  twcnty-thrco  years  ago ;  be 
bad  been  consulted  u2)on  tbc  matter  and  bad  bad  to  do  witb  tbe  first 
experiments,  Tbe  system  bad  also  been  used  in  London  for  drying 
oats  and  damaged  grains  of  diftcrent  lands,  and  bad  been  successful 
in  working.  For  malt  drying  a  similar  plan  bad  been  introduced 
by  Tizard  into  tbis  country  about  1852  ;  and  be  believed  tbat  twelve 
or  fourteen  years  ago  tbe  Germans  used  a  like  plan,  \vbicb  be  tbougbt 
had  been  introduced  tbere  by  Gecmen. 

^      The  President  asked  whether  it  was  tbe  same  identical  plan. 

Mr.  CoLYEK  said  not  precisely,  but  the  same  principle  was 
involved.  At  tbe  time  be  mentioned,  tweuty-tbree  years  ago,  tho 
grains  dried  by  tbat  plan  had  been  analysed  by  the  late  Dr.  Voelcker, 
who  bad  rejiorted  most  favourably  upon  it.  The  fo(jd  was  much 
liked  by  cattle,  and  in  many  cases  they  would  leave  other  food  ta 
eat  the  dried  grains.  Although  tbe  plan  bad  been  a  financial  success 
in  this  country,  the  great  difficulty  to  contend  with  bad  been  that 
pointed  out  by  the  author,  namely  that  there  was  something  like  75 
or  80  per  cent,  of  moisture  to  be  got  rid  of.  The  apparatus  described 
in  the  paj)er  be  could  quite  understand  would  be  a  great  improvement 
upon  what  bad  been  done  before  ;  but  be  did  not  consider  it  entirely 
novel,  at  any  rate  in  this  country.  Tbe  principle  of  an  air-blast  with 
heat  combined  had  been  applied  by  Mr.  Gibbs  of  Gilwell  Park, 
Essex,  for  drying  wet  fodder,  oats,  and  other  things  (Royal 
Agricultural  Society's  Journal  1869,  page  554). 

The  President  enquired  what  was  the  kind  of  apparatus  employed 
in  that  case. 

Mr.  CoLYER  could  not  give  any  detail  with  regard  to  Mr.  Gibbs's 
plan,  except  tbat  the  material,  whatever  it  might  be,  was  dried  over 
a  perforated  cone,  and  by  means  of  a  powerful  blowing  fan  the  heated 
air  was  driven  through  it.  By  an  application  of  that  principle  about 
twenty  or  twenty-two  years  ago  in  a  scheme  in  which  be  had  been 
engaged,   hay   damaged    by   sea   water    bad   been   rendered   sweet 
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l)ydriviug  the  lieatecl  air  tlirongli  the  mass  itself.  Auotlier  plan 
liad  been  that  of  driving  ste.im  through  it.  lu  the  author's 
■statcmeut  that  the  grains  should  be  dried  at  the  brewery  he  quite 
•concurred,  because  years  ago  it  had  been  found  that  owing  to  the 
large  percentage  of  moisture  the  carriage  in  getting  the  material 
away  was  very  expensive,  and  materially  reduced  the  profit  arising 
from  the  grains.  It  was  a  mistake  to  suppose  that  the  plan  was 
•entirely  new  in  this  country  ;  it  might  be  sj  in  France. 

Mr.  Edward  B.  Ellington  asked  why  it  was  that  the  system 
referred  to  by  Mr.  Colyer  as  having  been  in  use  twenty-three  years 
ago  had  been  given  up.  He  siijiposed  it  was  not  in  use  at  the  present 
time,  and  there  might  have  been  some  disadvantage  connected  with 
the  particular  kind  of  apparatus  which  preventel  its  success. 

The  President  enc[uired  whether  the  cause  of  failure  had  been 
the  large  quantity  of  moisture  that  had  to  be  removed,  amounting  to 
from  75  to  80  per  cent. 

Mr.  Colyer  said  that  was  partly  the  cause.  The  plan  had  not 
proved  so  profitable  as  had  been  anticipated,  although  there  had 
been  a  good  profit.  The  scheme  he  believed  was  carried  on  by 
Mr.  Gibbs  at  the  present  time,  though  he  had  not  himself  had 
anything  to  do  with  it  personally. 

Mr.  Joseph  Tomlinsox,  Vice-President,  considered  Mr.  Colyer's 
remarks  were  widely  apart  from  the  subject  of  the  paper,  because  he 
was  speaking  of  driving  air  through  a  mass  of  hay,  whereas  the 
plan  described  in  the  paper  consisted  in  stirring  the  material  by 
Eotating  arms,  and  turning  it  over  and  over  in  heated  air  or  in 
contact  with  heated  surfaces  in  a  vacuum.  The  two  methods  were 
totally  different.  The  plan  described  in  the  paper  seemed  to  him  to 
be  a  very  natural  method  of  proceeding,  because  the  material  was 
thereby  kept  perpetually  moving,  and  was  not  allowed  to  remain 
stationary  in  contact  with  the  drying  surface,  as  would  be  the  case  in 
driving  the  air  through  it  in  the  way  described  by  Mr.  Colyer.     In 
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the  upper  cylinder  tlic  grain  was  carried  forward  by  tlic  screw 
creeper,  and  in  the  lower  by  gravity,  as  explained  by  Mr.  Strohn. 
It  seemed  to  him  to  be  a  simple  and  proper  Avay  of  getting  all 
the  surface  of  the  grain  exposed  to  the  air  and  so  drying  it;  and  he 
considered  it  an  admirable  mode  of  getting  rid  of  the  moisture  in 
grain,  without  requiring  a  higher  temjierature  than  110^  Fahr. 

The  President  enquired  whether  the  evajioration  referred  to  by 
Mr.  Colyer  was  direct  from  the  material,  without  a  current  of  air 
passing  over  it,  or  whether  warm  air  was  driven  through  the 
material. 

Mr.  Colter  explained  that  he  referred  to  two  diflferent  plans  of 
drying,  in  one  of  which  a  current  of  heated  air  was  driven  through 
the  material,  while  the  other  was  a  plan  somewhat  like  thai 
described  in  the  paper.  As  compared  however  with  what  had  been 
done  before,  the  apparatus  now  described  was  a  considerable 
improvement  for  the  drying  of  brewers'  grains ;  the  application 
to  fodder,  which  he  had  previously  mentioned,  was  a  minor 
consideration.  Apjiaratus  of  like  kind  had  also  been  used  for 
granulating  or  drying  sugar  and  other  materials. 

Mr.  Druitt  Halpin  enquired  how  it  was  that  with  the 
air-pump  shown  in  Plate  59  so  great  a  vacuum  could  be  obtained 
as  that  stated  in  the  paper  of  29  inches  of  mercury.  The  barometer 
could  not  be  much  over  31  inches ;  and  he  should  hardly  expect  to 
get  such  a  vacuum^  from  a  pump  of  that  kind  with  such  large 
clearances  as  it  appeared  to  have. 

In  the  lower  cylinder  of  the  drying  apparatus  the  revolving  drum 
of  tubes  resembled  what  was  called  a  reel  in  the  old  Wetzel  plan  of 
drying  sugar.  The  great  trouble  exj^erienced  in  that  case  had  been 
that  the  tubes  were  always  leaking,  as  might  be  expected,  on  account 
of  their  own  weight  and  the  torsional  strains  upon  them ;  and 
notwithstanding  that  the  apparatus  was  never  wanted  to  be  worked 
at  more  than  exhaust  pressure,  it  was  always  giving  a  great  deal 
of  trouble  by  leakage.  -  In  1871,  in  conjunction  with  Mr.  Alliott,  he 
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liatT  dcvisel  a  plan  for  getting  rid  of  all  that  trouble,  by  simply 
carrying  the  shaft  right  through  the  whole  length  of  the  drum  or 
nest  of  tubes ;  and  on  each  end  of  tlie  shaft  was  secured  a  hollow 
disc  of  gim-metal  or  cast-iron,  forming  a  steam-chest,  into  which  the 
tubes  were  fixed  by  expanding  their  ends  with  an  expander.  Into 
one  steam-chest  the  steam  entered  through  the  hollow  shaft,  and 
from  the  other  it  was  similarly  exhausted.  When  tested  with  steam 
at  100  lbs.  pressure  there  was  no  leakage,  because  there  was  no 
torsion  on  the  tubes  and  no  sagging. 

Mr.  Henry  J.  Wokssam  thought  a  defect  of  the  apparatus 
described  in  the  paper  was  the  smallucss  of  its  capacity.  From  what 
he  know  of  the  requirements  of  one  of  the  ordinary  London  breweries 
he  calculated  that  eight  of  these  machines  would  be  wanted ; 
they  would  weigh  altogether  about  128  or  130  tons,  and  the  cost 
would  necessarily  be  great.  For  malting,  the  plan  seemed  to  him  to 
be  entirely  out  of  the  question,  because  any  maltster  would  say  that 
the  fact  of  not  being  able  to  examine  the  material  while  it  was  being^ 
dried  would  render  the  apparatus  quite  useless,  inasmuch  as  in  the 
course  of  malting  it  was  often  required  to  stop  the  process  of  drying 
almost  instantly.  A  small  leakage  would  seriously  spoil  the  effect 
of  the  air-j)ump  ;  and  this  leakage  would  be  very  likely  to  occur, 
owing  to  the  inlet  and  outlet  valves  having  to  be  oj)ened  every  two 
hours. 

With  regard  to  the  price  of  dried  grains,  he  believed  that  those 
of  Messrs.  Guinness  fetched  about  £3  or  £3  10s.  per  ton.  If  all  the 
brewers  dried  their  grains,  a  much  lower  price  might  be  looked 
forward  to.  Then  again  brewers  had  to  take  into  consideration  the 
question  of  storage  ;  they  could  not  sell  all  their  dried  grains  during 
the  summer ;  and  he  knew  that  one  comparatively  small  brewery, 
where  the  grains  were  dried,  had  in  October  last  as  much  as  80 
or  100  tons  of  grains  lying  in  store  for  sale.  In  a  large  London 
brewery  there  would  no  doubt  be  eight  or  ten  times  as  much  on 
hand,  which  would  be  rather  a  serious  matter,  considering  the  high 
rentals  paid  in  London.  The  price  of  grains  in  London  at  present 
was  2s,    or  2s.  dd.    a   quarter  as   they   lay    in  the    mash-tun ;    the 
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brewer  did  not  take  tbcm  out ;  tliat  was  done  by  the  contractor  who 
purchased  the  grains.  So  that  in  drying,  the  cost  of  conveying  the 
grains  from  the  nuish-tun  to  the  machine  had  to  bo  taken  into 
consideration.  There  was  also  another  question  as  to  the  repairs 
of  the  machine,  which  he  understood  were  a  serious  item,  in 
consequence  of  the  grains  becoming  acid,  and  causing  the  wrought- 
iron  to  corrode  rapidly. 

Mr.  Baelz  said  that  brewers'  grains  were  contracted  for  all  the 
year  round,  and  if  they  were  not  taken  away  tliey  were  paid  for  all 
the  same  ;  so  that  a  London  brewer  had  no  necessity  to  dry  the 
grains,  because  he  could  get  rid  of  them  in  the  wet  state,  and  get  his 
money  for  them  immediately.  Mr.  Gibbs's  mode  of  drying  which 
had  been  referred  to  had  not  proved  a  success,  because  it  did  not  dry 
the  material  uniformly  throughout ;  it  had  been  used  he  believed  for 
cement  and  other  articles,  but  for  drying  wet  grains  it  had  not  been  a 
success ;  the  drying  was  not  done  in  a  vacuum.  A  machine  for 
drying  grain  had  he  believed  been  put  up  in  London  by  Messrs. 
Milburn  of  Commercial  Eoad,  which  appeared  to  him  to  be  in  some 
respects  similar  to  that  described  in  the  paper,  but  somewhat 
difiercntly  arranged.  It  consisted  of  an  inside  cylinder  with  steam- 
jacket,  which  was  surrounded  by  an  outside  cylinder  also  steam- 
jacketed  ;  the  inside  cylinder  revolving  turned  the  grains  'over  both 
inside  itself  and  also  in  the  outer  cylinder ;  the  great  defect  was 
that  it  did  not  get  rid  of  the  moisture  sufSciently.  There  were  in 
Commercial  Eoad  twenty  machines  of  that  kind  drying  grains  every 
day.  The  apparatus  described  in  the  paper  he  believed  would  be 
found  to  be  very  expensive. 

Mr.  Thomas  Buowning,  representing  Messrs.  Milburn  and  Co., 
said  the  machine  described  in  the  paper  seemed  to  him  to  be  similar 
to  one  that  had  been  used  for  many  years,  having  been  made  by 
Messrs.  Davey  Paxman  and  Co.  twenty  years  ago,  but  with  the 
difference  that  the  vapour  had  been  got  rid  of  by  exhausting  it  either 
by  a  flue  or  by  a  fan  (Royal  Agricultural  Society's  Journal  1869, 
page  55G).      Many  plans  of  drying   grains   had  been  devised,  but 
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tlicve  had  been  difficulties  in  tlie  way  of  their  success.  He  had 
had  to  do  with  drying  grains  since  1865,  since  which  date  there 
had  been  one  continual  drying  and  one  continual  success,  and 
at  the  present  time  Messrs.  Milburn  were  drying  at  the  least  2,000 
quarters  of  grains  a  week.  They  were  drying  the  whole  of  the 
grains  from  the  City  of  London  Brewery,  and  part  of  the  grains 
from  Messrs.  Truman  and  Hanbury's  and  other  breweries.  Messrs. 
Ouinness's  grains  in  Dublin  had  also  been  dried  for  ten  or  twelve 
years  by  Milburn's  machines. 

The  President  enquired  whether  in  those  machines  the  exhausting 
flue  or  fan  produced  a  partial  vacuum  in  a  closed  chamber ;  or  did  it 
draw  a  current  of  air  over  the  grains  ? 

Mr.  Bkowning  replied  that  the  latter  was  the  case ;  the  exhaustion 
<lid  not  produce  a  vacuum  beyond  that  requisite  for  causing  the  air 
to  follow  after  the  fan. 

The  Peesident  said  that  was  a  great  difference  from  the  air-tight 
vacuum  chamber  in  the  present  machine. 

Mr.  Browning,  in  explanation  as  to  how  the  grains  travelled 
horizontally  along  the  machine,  said  they  were  of  course  larger  in 
bulk  when  wet  than  when  dry,  and  therefore  stood  higher  in  the 
■drying  cylinder  at  the  wet  end  than  at  the  dry  end ;  the  difference 
of  level  consequently  caused  them  to  move  along  towards  the  dry  end 
of  the  cylinder. 

There  was  a  great  deal  of  wear  in  grain-drying  machines,  and 
the  acid  from  the  grains  acted  rapidly  on  wrought-iron  ;  it  had  not 
the  same  effect  on  cast-iron,  but  the  wrought-iron  tubes  of  the  drum 
shown  in  ths  drawings  he  was  of  opinion  would  be  destroyed  in  a 
short  time.  Judging  from  his  own  practice  there  were  also  likely 
to  be  many  leakages  from  the  discs  in  which  the  tube  ends  were 
fixed  ;  and  from  disc  to  disc  there  would  be  a  certain  strain  and 
■certain  inequalities  in  expansion  and  contraction.  Without  wishing 
to    discourage    the    plan   described,    he   believed    there    would    be 
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considerable   trouble    and    great   cxjiense    in    keeping   tbo.se  joints 
perfectly  tigbt  and  in  working  order. 

Witb  regard  to  tbo  price  of  tbe  wet  grains,  tbe  price  of  wbat 
were  called  beer  grains  was  Is.  Gd.  per  quarter,  and  of  ale  grains 
2.S'.  Sd. ;  tbcso  prices  did  not  include  cartage,  but  were  the  absolute 
prices  received  by  tbe  brewer  for  the  wet  grains  in  tbe  masb-tun, 

Mr.  John  R  Fotheugill  tbougbt  tbat  in  a  vacuum,  in  tbe 
absence  of  air  to  accelerate  rust,  corrosion  would  not  be  so  important 
and  destructive  as  it  would  be  wben  working  in  tbe  open  air.  And 
if  tbere  were  corrosion,  migbt  not  tbe  tubes  be  made  of  tbin  copper 
coated  witb  zinc  ?  This  be  considered  would  not  be  a  matter  of  any 
serious  exj)ense. 

Mr.  Arthur  Paget,  Vice-President,  understood  tbat,  apart  from 
priority  of  invention  of  wbicb  tbe  Institution  took  no  cognizance, 
tbe  princijile  of  tbe  macbiuc  described  in  tbe  paper  was  tbat  air  was 
not  drawn  over  tbe  grain  in  any  way,  but  was  drawn  out  of  tbe  grain, 
because  tbe  wbole  drying  process  was  done  in  vacuo ;  and  tbe  fact 
bad  now  been  elicited  tbat  no  otber  of  tbe  processes  mentioned 
during  tbe  discussion  bad  been  carried  on  in  vacuo.  Tbere  could  be 
no  doubt  tbat  for  many  processes  of  drying  tbere  were  advantages 
in  tbis  macbine  over  tbe  macbines  wbicb  did  tbe  work  by  drawing 
air  over  tbe  material  instead  of  merely  beating  it  in  vacuo.  Witb 
regard  to  tbe  passage  of  tbe  grain  from  tbe  back  end  of  tbe  lower 
larger  cylinder  to  tbe  front  end,  it  was  usual  to  talk  of  a  water  level 
or  a  water  gradient,  and  be  did  not  see  wby  tbe  same  expressions 
sbould  not  be  used  for  tbe  grain.  Tbe  front  end  be  presumed 
would  never  be  full  of  grains,  but  tbe  grain  line  would  always  slope 
downwards  from  tbe  back  end  to  tbe  front.  Would  not  tbat  bave 
anotbcr  effect,  namely  tbat  tbe  grains  would  tbereby  be  prevented 
from  adbering  to  tbe  revolving  drum  of  tubes  ? 

Mr.  A.  H.  Mure  asked  if  it  was  known  wbetber  cow-keepers,  to 
wbom  a  large  quantity  of  grains  went  for  tbe  production  of  milk, 
considered    tbat    one   ton  of  dry  grains   would    produce    tbe  same 
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amount  of  milk  as  an  equivalent  weight  of  3  to  4  tons  of  wet  grains. 
Cow-keepers  wanted  quantity  :  tliey  were  not  always  careful  about 
tlie  quality  of  milk  produced. 

Mr.  ToMLiNSOX  said  tliat  was  hardly  a  matter  wliicli  concerned 
the  machine.  If  cattle  ate  dry  grains  they  would  require  water ;  in 
wet  grains  they  got  the  two  mixed. 

Mr.  "William  Anderson,  Vice-President,  considered  the  machine 
was  well  adapted  to  the  particular  purpose  for  which  it  was 
constructed,  namely  to  dry  in  vacuo.  A  good  deal  of  information 
on  drying  would  be  found  in  the  Journals  of  the  Eoyal  Agricultural 
Society,  who  had  had  two  if  not  three  competitions  with  machines 
for  drying  crops.  Those  competitions  had  shown  that  for 
agricultural  purposes  at  any  rate  it  was  imjjracticable  to  use 
artificial  means  of  drying,  the  cost  being  too  great.  The  competitors 
seemed  for  the  most  part  to  have  been  led  away  with  the  idea  that 
if  they  employed  a  fan,  or  agitated  the  corn  or  hay  or  grass 
sufficiently,  a  pound  of  coal  could  be  made  to  evaporate  more  water 
than  by  its  thermal  capacity  it  was  capable  of  doing,  namely  about 
13  or  14  lbs.  of  water  per  pound  of  coal ;  and  consequently  had  always 
regarded  as  trifling  the  expense  of  the  fuel  necessary  for  converting 
into  vaj)Our  the  large  proportion  of  water  which  some  crops 
contained,  and  which  had  to  be  driven  off  in  order  to  dry  them.  But 
when  those  plans  came  to  be  put  to  the  test  of  ex2:>eriment,  it  was 
found  that  the  cost  of  the  fuel  was  altogether  prohibitive  of  the  use 
of  apparatus  of  the  kind.  That  was  the  reason  why  he  thought  he 
might  say  that,  with  few  exceptions  in  particular  cases,  artificial 
drying  had  been  completely  abandoned.  Even  apparatus  for  drying 
comparatively  costly  things  like  fruit  had  been  given  uj).  Last  year 
a  trial  bad  been  made  of  an  ajq^aratus  which  had  been  sent  over  from 
the  Continent  for  drying  fruit ;  it  was  simple  and  ingenious,  made 
of  wood  and  costing  but  little ;  but  it  did  not  prove  acceptable, 
because  farmers  who  wished  to  dry  their  fruit  could  put  it  into 
baskets,  and  dry  it  in  their  own  ovens.  There  was  therefore  little 
prospect  he  thought  of  drying  crops  artificially,  except  under  special 
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conditious.  All  who  Lad  Lad  to  do  witL  dryiug  vegetable  matters 
kuew  very  well  tLat  a  low  tomiicraturc  was  necessary,  if  they  wisLed 
to  be  sure  of  not  injuring  tLe  constitution  of  the  material.  For  this 
reason  he  conceived  that  drying  in  vacuo  would  yield  a  higher  (j^uality 
of  jjroduct  than  could  be  obtained  by  dryiug  at  atmospheric  pressure 
and  tomiK'ralure  ;  but  whether  at  a  less  cost  he  did  not  know. 

Mr.  W.  T.  Hakris,  of  the  City  of  London  Brewery,  said  he 
attended  for  the  purpose  of  getting  information  as  to  wLat  could  be 
done  by  drying  in  vacuo  :  the  plan  aj)peared  to  him  to  be  a  move  in 
the  right  direction. 

Mr.  Charles  Sevin  said  the  only  interest  he  took  in  the  matter 
was  as  a  dealer  in  the  grains.  The  selling  jn-ice  of  dried  grains  was 
considerably  less  than  that  stated  in  the  paper  of  £i  10s.  to  £G  10s. 
per  ton ;  he  should  say  from  £4  to  £1  10s.  The  average  cost 
jH-ice  of  wet  grains  had  been  2s.  3rf.  per  quarter  during  the  last 
year. 

Mr.  George  A.  Mower  enquired  whether  it  was  a  fact,  as  stated  in 
the  paper  (page  310),  that  tLe  nutritious  qualities  of  the  material  to 
be  dried  would  be  seriously  impaired  by  the  use  of  a  temperature 
of  about  212\  The  paper  seemed  to  imj)ly  that  the  grain-drying 
industry  was  a  comparatively  new  one ;  and  also  that  the  drying 
machines  in  use  at  the  present  time  had  not  been  successful.  Yet 
one  firm  in  Germany  had  sujiplied  130  drying  machines  for  use  in 
that  country,  a  dozen  or  more  in  Austria,  and  twenty  in  America. 
There  was  a  largo  business  in  drying  grains  in  London ;  in  one 
instance  that  he  knew  of,  an  agreement  had  been  entered  into  for 
supplying  9,000  tons  of  dried  grains,  which  would  involve  the 
working  of  three  of  the  machines  described  in  the  paper  for  about  a 
•couple  of  years. 

The  President  asked  whether  the  machines  referred  to  as  so 
extensively  in  use  in  Germany  were  working  at  a  higher  temperature 
than  that  described  in  the  paper. 


May  1S8!}.  DRYING    I.V    VACUUM.  327 

Mr.  Mo^YEK  replied  that  tbey  were  working  at  a  much  liiglier 
temperature  tliau  212^  Fahr.,  and  that  their  product  was  of  excellent 
quality.  The  macliines  described  iu  the  pajier  had  been  introduced 
he  believed  some  two  years  or  more,  and  he  should  be  glad  to  know- 
how  many  of  them  were  now  iu  use.  These  machines  had  been 
spoken  of  in  the  paper  as  being  the  first  application  of  drying 
solids  in  vacuum ;  but  when  in  Norway  last  summer  he  had  himself 
been  informed  that  it  was  the  common  practice  there  to  dry  timber 
in  an  air-tight  wrought-iron  chamber,  heated  by  steam,  to  which  an 
air-pumji  was  connected  for  maintaining  a  vacuum  and  removing 
the  moisture ;  similar  timber-drying  chambers  he  had  also  been 
informed  were  used  in  Germany.  He  enquired  the  cost  of  the 
author's  machine,  in  order  that  the  interest  on  cajjital  might  be 
taken  into  account.  He  should  like  to  know  something  of  the  cost 
of  fuel,  labour,  and  repairs  ;  for  in  the  paper  had  been  given  only 
an  estimated  value  of  the  wet  grains  and  the  selling  price  of  the 
dried  grains ;  and  nothing  had  been  mentioned  as  to  the  cost  of 
drying  the  grains,  either  in  pounds  of  exhaust  steam  or  in  pounds, 
of  live  steam  or  in  pounds  of  coal. 

Mr.  Strohn,  in  reply,  said  the  statement  given  in  the  paper,  that 
the  price  of  wet  grains  was  Is.  9d.  per  quarter,  had  been  made  on  the 
authority  of  Messrs.  Combe  and  Messrs.  Mann  and  Grossman,  who  had 
informed  him  that  the  average  price  during  the  year  was  Is.  9f?.,  but 
it  was  sometimes  2s.  6d.  and  sometimes  much  less.  "With  regard  to 
the  drying  expenses,  it  might  be  taken  that  one  jiound  of  steam 
evaporated  one  pound  of  water  iu  this  apparatus.  "What  it  would 
cost  to  raise  that  one  pound  of  steam  depended  on  the  boiler  and  on 
the  coal  used.  If  the  steam-generating  power  of  the  coal  were 
known,  and  also  the  loss  in  the  pipes  &c.,  it  would  be  known  exactly 
how  much  coal  was  required  for  drying. 

The  use  of  a  vacuum  for  drying  was  not  claimed  as  a  new  thing, 
but  only  the  arrangement  and  construction  of  the  apparatus  for 
enabling  advantage  to  be  taken  of  the  vacuum  with  commercial 
success.  The  object  was  to  get  as  large  a  heating  surface  iu  as 
small  a  vessel  as  possible.     The  application  of  the  vacuum  might 
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possibly  bo  met  with  iu  other  plans  ;  but  he  did  not  hnow  of  any 
other  vacuum  ajiparatus  having  been  used  for  drying  solid  materials. 
The  mere  use  of  exhaust  or  any  sort  of  suction  was  not  vacuum,  as 
long  as  the  air  entered  the  chamber  from  which  the  suction  drew. 
It  was  only  when  a  chamber  closed  air-tight  was  used  with  a 
high  vacuum  that  the  advantages  of  drying  in  vacuo  were  realised ; 
as  soon  as  the  vacuum  fell  for  instance  as  low  as  20  inches  of 
mercury,  it  became  no  longer  wortli  while  to  use  an  air-pump 
at  all. 

As  to  tlie  grains  sticking  upon  the  heating  surfaces,  it  would  bo 
observed  that  the  upper  cylinder  contained  a  cast-iron  creeper  and 
no  tubes,  whilst  it  was  only  in  the  lower  cylinder  that  there  were 
tubes.  The  tendency  of  the  wetter  grains  to  stick  was  the  reason 
for  employing  the  cast-iron  creeper  in  the  ui)per  cylinder,  in  which 
there  was  very  little  room  between  the  tube  or  body  of  the  crcej^er 
and  the  sides  of  the  cylinder,  so  that  the  grains  themselves  kept  the 
cast-iron  tube  clean ;  whilst  by  the  time  that  they  had  passed  througli 
tbe  upper  cylinder  and  dropped  into  the  lower,  sufficient  moisture 
bad  already  been  evaporated  to  render  them  incaj)able  of  sticking 
any  more.  Anything  like  a  grain  level  or  gradient  could  hardly  be 
said  to  exist  in  the  lower  cylinder,  except  in  imagination  prompted 
by  the  practical  result  realised ;  for  it  should  be  understood  that  the 
grains  in  the  lower  cylinder  were  being  continuously  lifted  by  the 
blades  attached  to  the  slowly  revolving  tube-drum,  so  that  there  was 
no  actual  grain  level :  the  grains  were  not  in  any  regular  layer  over 
the  cylinder,  but  were  lifted  and  dropj)ed  and  lifted  again. 

So  high  a  vacuum  as  that  mentioned  in  the  paper  of  29  inches 
of  mercury  was  by  no  means  difficult  to  obtain ;  and  no  air-j)ump 
was  accepted  which  did  not  show  a  vacuum  of  at  least  28  or  28^ 
inches.  All  the  moisture  drawn  off  from  the  drying  machine  was 
purposely  condensed  before  it  reached  the  air-pump,  by  means  of  an 
intervening  jet  condenser  of  the  kind  shown  in  Fig.  8,  Plate  60, 
consisting  simply  of  a  long  vertical  tube,  through  which  the  vaj)our 
entering  at  the  top  passed  downwards,  being  condensed  in  its  course 
by  transverse  jets  of  water  issuing  from  a  central  perforated  co2>per 
pipe.    Nothing  but  water  was  accordingly  drawn  tiff  from  the  bottom  of 
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tlie  condenser  by  tlie  air-pumj),  wliicli  was  tlius  a  wet  air-j^ump  and 
consequently  free  from  loss  due  to  clearance.  It  was  a  jot  condenser 
of  tliis  kind  tliat  was  used  at  Messrs.  Guinness's  brewery. 

As  far  as  leakage  was  concerned,  if  the  ajiparatus  was  coustnxcted 
properly  and  the  tubes  properly  fitted  in,  there  was  no  leakage. 
During  three  years'  working  of  these  machines  he  had  never  found 
any  new  leakage  arise.  Although  no  machine  was  absolutely  j)erfect 
in  that  respect,  yet  he  believed  Messrs.  Guinness,  who  had  had  their 
apparatus  working  for  ten  months,  had  not  had  a  single  leakage ;  and 
he  had  never  heard  of  any  leakage  occurring  in  the  apparatus  that 
had  been  supplied  to  other  breweries ;  so  that  he  thought  there  could 
not  bo  any  undue  expense  for  repair. 

As  to  the  question  of  price,  if  the  apparatus  was  properly  built 
with  good  material  and  first-class  workmanship,  it  was  by  no  means 
cheap  in  first  cost;  but  as  it  was  built  to  dry  500  cwts.  of  malt  in 
twenty-four  hours,  it  would  prove  decidedly  cheap  in  the  long  run. 
The  two  machines  put  up  at  Messrs.  Guinness's  brewery  were  drying 
the  same  quantity  of  wet  grains  as  the  plant  of  Messrs.  Milburn 
which  consisted  of  sixteen  machines.  Undoubtedly  each  of  the  latter 
was  cheaper ;  but  multiplying  its  cost  by  sixteen  they  would  be 
found  dearer  than  the  two  machines  described  in  the  pajjer.  The 
cost  of  the  two  machines  at  Messrs.  Guinness's  was  about  £600  each  ; 
and  since  their  erection  the  construction  had  been  considerably 
improved,  so  that  new  machines  of  no  higher  cost  would  now  do  more 
work.  As  to  the  price  of  the  dried  grains,  it  had  been  mentioned 
that  Messrs.  Guinness  sold  their  dried  grains  at  £3  10s.  per  ton,  and 
he  had  known  them  sell  for  over  £4  per  ton.  For  an  apparatus  of 
the  size  there  emj)loyed  two  men  were  enough  for  filling  and 
emptying  and  for  attending  to  the  air-pump ;  and  if  the  engine  was 
combined  with  the  air-j)ump  they  could  attend  to  that  also,  and  would 
still  have  sufficient  spare  time  to  attend  to  the  sacking  of  the  produce  ; 
besides  these  two  men  there  was  one  boiler-man.  Messrs.  Guinness 
he  believed  were  working  their  two  machines  with  three  men. 

The  apj)lication  of  the  aj)paratus  to  the  drying  of  sludge  had  been 
considered,  but  he  believed  it  would  scarcely  cover  the  exi^euse  of 
evaporating  the  large  quantity  of  water,  which  amounted  to  as  much 
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(Mr.  William  Strohn.) 

as  about  97  per  cent.     Moreover  as  tlic  stuff  ilried  lie  supposed  it 
would  clog  tbe  apparatus. 

Corrosion  arising  from  acid  in  the  grains  would  no  doubt  bo 
a  great  objection  ;  but  a  brewer  wouLl  take  care  not  to  let  the  grains 
turn  sour  and  so  create  tbe  acid  to  spoil  the  apparatus.  Fresh 
grains  contained  no  acid  whatever  when  they  came  from  the  mash 
tun.  If  they  became  acid,  any  metal  would  suffer ;  he  did  not  see 
that  the  vacuum  would  prevent  that. 

The  PuEsiDENT  asked  how  many  of  the  machines  were  now  in 
use ;  and  whether  the  grains  were  really  damaged  at  a  temperature 
above  212''  Fahr.  when  quick  evaporation  by  boiling  was  employed 
for  drying  them. 

Mr.  Strohn  replied  that  there  were  now  ten  machines  in  use. 
As  to  the  other  question,  it  was  undoubtedly  more  advantageous  to 
dry  the  grains  at  as  low  a  temperature  as  possible,  which  was 
confirmed  by  Mr.  William  Virtue,  of  Crosswell's  Brewery,  Oldbury  • 
and  the  same  opinion  had  been  expressed  also  by  Mr.  Allen,  the 
President  of  the  Society  of  Public  Analysts.  Although  he  could 
not  himself  say  that  the  grain  would  be  damaged  at  a  higher 
temperature,  he  supposed  that  this  was  what  was  meant  to  be 
inferred.  In  the  drying  of  malt  it  would  be  even  more  imj)ortant 
to  avoid  a  high  temperature,  for  the  reason  mentioned  in  page  313  of 
the  paper. 

The  President  was  sure  that,  after  the  discussion  to  which 
the  paper  had  given  rise,  it  would  be  safe  to  come  to  the 
conclusion  that  this  apparatus  did  at  any  rate  get  rid  of  the  objections 
which  had  been  referred  to ;  and  that  it  was  a  machine  which  really 
did  dry  in  vacuo.  The  point  fairly  claimed  for  it  was  the  successful 
application  of  drying  where  no  air  was  heated,  but  a  simple 
evaporation  of  the  moisture  from  the  solid  material  took  place ;  and 
in  this  respect  he  thought  that  the  author  had  established,  he  would 
not  say  the  originality  of  the  principle,  but  a  new  application  of 
it.     The  Members  he  was  sure  would  all  join  in  thanking  him  for 
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having  brought  the  subject  before  them,  and  for  giving  the  brewers 
of  this  country  something  to  think  about,  as  to  whether  it  was  worth 
their  while  to  follow  the  example  which  bad  been  set  them  by 
Messrs.  Guinness  of  Dublin. 
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3IEM0IES. 

James  Davidson  was  born  at  Dee  Village,  Aberdeen,  on 
11th  May  1819.  The  school  education  he  received  was  very  slight, 
as  he  started  work  at  the  age  of  nine  in  a  brick  field.  When  about 
fourteen  years  old  he  was  apprenticed  to  Messrs.  Hadden  and  Co.  at 
Grandholm  Mills,  near  Aberdeen,  which  were  then  being  worked  as 
flax  mills.  He  had  previously  been  employed  for  a  year  or  two  at 
Messrs.  Blaikie  Brothers,  Footdee  Iron  Works,  Aberdeen.  In  1845 
he  went  to  Glasgow,  where  he  was  employed  as  a  mechanic  at  the 
works  now  carried  on  by  Messrs.  Napier  and  Sons.  During  his 
apprenticeshii)  and  while  working  at  Glasgow  he  tried  to  make  up 
for  his  lack  of  education  by  availing  himself  of  all  the  means  in  his 
power  for  increasing  his  knowledge  of  the  theory  of  mechanics. 
Early  in  1846  he  moved  to  Loudon,  and  obtained  work  at  Messrs. 
H.  and  0.  Eobinson's,  Mill  wall.  On  17th  September  of  the  same 
year  he  left  them  to  enter  the  Eoyal  Arsenal,  Woolwich,  having 
been  offered  employment  there  by  Mr.  Anderson,  who  was  then  in 
charge  of  the  Dial  Square,  Eoyal  Gun  Factory.  Here  he  was 
engaged  in  carrying  out  Mr.  Anderson's  idea  of  forming  conical 
lead  bullets  from  the  rod  by  machinery,  and  it  was  largely  owing 
to  his  mechauical  skill  that  these  bullet-making  machines  were  so 
successful.  About  1853,  when  the  machines  were  transferred  to  the 
laboratory  department,  he  went  with  them  to  superintend  their 
working.  Shortly  afterwards,  at  a  time  of  great  emergency,  he  was 
chosen  by  Capt.  Boxer  to  aid  in  establishing  and  working  what  was 
then  known  as  the  "temporary  factory."  In  1855  he  was  appointed 
manager  of  the  Eoyal  Laboratory,  in  conjunction  with  Mr.  Tozer, 
who  was  in  charge  of  combustible  stores.  On  the  retirement  of  the 
latter  in  1871  he  became  sole  manager;  and  this  position  he  held  up 
to  October  1885,  when  he  retired,  after  a  service  of  nearly  forty 
years,  thirty  of  which  liad  been  as  manager.  He  died  on  4th  March 
1889,  after  only  a  week's  illness,  in  the  seventieth  year  of  his  age. 
He  became  a  Member  of  this  Institution  in  1865. 
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Amongst  the  inventions  and  improvements  due  to  liim  may  be 
mentioned  the  present  pattern  of  machine  for  making  conical  bullets, 
which  is  more  compact  than  the  old  machines,  and  turns  out  the 
bullets  at  a  much  quicker  rate ;  also  machines  for  rounding  the  head 
and  canneluring  the  bullets ;  and  machines  for  punching  and 
cupping  four  cups  at  once  for  the  base  cups  in  Snider  and  Martini 
cartridges  ;  in  fact  a  large  portion  of  the  machinery  employed  in  the 
manufacture  of  the  Snider  and  Martini  rolled  cartridges  may  be 
ascribed  to  his  inventive  mechanical  skill  (Proceedings  1868, 
page  129).  The  method  of  chilling  the  heads  of  cast-iron  Palliser 
projectiles  is  also  due  to  him.  Indeed  the  laboratory  department 
itself  affords  ample  evidence  of  his  mechanical  and  administrative 
ability. 

Edwin  James  Geice  was  born  in  Westbromwich  in  1834,  and 
died  at  his  residence,  Beechwood,  Reigate,  on  9th  March  1889,  at 
the  age  of  fifty-five.  His  father  was  a  manufacturer  of  screws  and 
gun  implements  at  Overend  Works,  Westbromwich ;  and  early  in 
1852,  when  fish-plates  for  railway  joints  came  into  general  use,  he 
commenced  the  manufacture  of  fish-bolts  and  other  railway  accessories. 
The  son  very  early  in  life  showed  great  mechanical  ajititude,  and 
with  his  elder  brother,  the  late  Mr.  Frederick  Groom  Grice,  invented 
valuable  machinery  for  the  manufacture  of  bolts  and  nuts.  In  1855 
their  father  entered  into  partnership  with  Mr.  Joseph  D.  Weston, 
under  the  style  of  Weston  and  Grice,  and  erected  large  new  works  at 
Spon  Lane,  called  the  Stour  Valley  Works,  of  which  the  two  brothers 
took  the  management.  Under  their  superintendence  improved 
machinery  was  introduced  whereby  considerable  economy  was 
effected  in  the  manufacture  of  bolts  and  nuts  and  other  railway 
fastenings ;  and  the  business  increased  so  rapidly  that  further 
extensions  of  the  works  became  necessary.  In  1862  therefore  the 
firm  purchased  the  Cwm  Bran  Works,  Newport,  Monmouthshire, 
which  have  since  been  largely  extended  and  developed.  About  that 
time  both  brothers  were  taken  into  partnership,  and  Mr.  Edwin 
James  Grice  became  manager  of  the  Stour  Valley  Works,  and  his 
brother  of  the  Cwm  Bran  Works.     In  1864  the  whole  of  the  works 
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were  taken  over  by  tLe  Pateut  Nut  and  Bolt  Company,  of  wliicli  the 
brotlicrs  were  appointed  managing  directors.  Upon  the  death  of 
Mr.  F.  G.  Grice  in  1881  (Proceedings  1882  page  8),  Mr,  Edwin  J.  Grice 
was  apjioiuted  managing  director  of  the  Cwm  Bran  works,  collieries, 
and  furnaces,  which  office  he  continued  to  hold  until  the  end  of  1887, 
when  ho  was  obliged  to  retire  on  account  of  ill  health,  but  still 
retained  his  jiosition  as  director  of  the  company.  He  was  a  magistrate 
for  the  county  of  Monmouth  and  for  the  borough  of  Newport  for 
several  years.  In  1884  he  was  elected  mayor  of  Newport,  and  in  the 
same  year  he  was  appointed  High  Sheriff  and  Deputy  Lieutenant  of 
tlie  county  of  Monmouth.  He  became  a  Member  of  this  Institution 
in  1866. 

Edwakd  Alexander  Jeffreys  was  born  at  Shrewsbury  on 
20th  August  1824,  being  the  son  of  Mr.  William  Jeffreys,  solicitor 
of  that  town.  At  the  age  of  fourteen  he  was  sent  as  apprentice  to 
the  engineering  firm  of  Messrs.  Bury  Curtis  and  Kennedy,  of 
Liverpool,  where  he  was  principally  employed  in  making  the  plans 
of  locomotive  and  marine  engines,  and  afterwards  in  sujjerintending 
their  working.  In  1845  he  obtained  the  appointment  of  locomotive 
superintendent;  on  the  Shrewsbury  and  Chester  Eailway,  being 
employed  for  the  first  fourteen  months  in  superintending  the 
construction  of  the  rolling  stock.  This  appointment  he  held  for 
eight  years  until  the  line  was  absorbed  by  the  Great  Western 
Eailway.  In  1858  he  was  engaged  by  Mr.  Thomas  Brassey  to  go 
out  to  Canada  as  locomotive  superintendent  of  the  Grand  Trunk 
Eailway;  but  upon  the  opening  of  the  Shrewsbury  and  Hereford 
Eailway,  Mr.  Brassey  appointed  him  to  manage  and  work  that  line 
for  him  during  his  lease,  which  he  did  until  its  termination.  In 
1863  he  obtained  the  appointment  of  general  manager  of  the  South 
Eastern  of  Portugal  Eailway,  but  after  a  few  months  relinquished 
it  on  being  offered  the  position  of  consulting  engineer  and 
representative  to  the  Low  Moor  Iron  Works,  This  position  he 
filled  until  he  was  offered  a  partnership  in  the  Monk  Bridge  Iron 
Works  in  July  1879,  of  which  he  became  afterwards  a  director  when 
the  works  were  converted  into  a  limited  company.    Having  a  very 


May  18S9.  MEMOIRS.  335 

extensive  acquaintance  with  railways,  lie  was  regartled  as  an  autliority 
in  matters  of  railway  engineering.  He  died  after  a  short  illness  at 
his  residence,  Hawkhills,  Chapel  Allerton,  Leeds,  on  3rd  April  1889, 
at  the  age  of  sixty-four.  He  became  a  Member  of  this  Institution 
in  1856. 

John  McConnochie  was  born  on  9th  October  1823  at  Port 
Patrick,  Wigtownshire,  where  his  father  was  then  engaged  on  the 
harbour  works  under  Sir  John  Eennie.  He  was  educated  at  the 
local  school  and  at  the  Andersonian  University,  Glasgow,  with  a 
view  to  becoming  a  civil  engineer,  and  his  training  commenced  by 
his  being  placed  for  a  short  time  to  work  in  a  mason's  yard.  For 
mechanical  engineering  he  was  then  apprenticed  to  Messrs.  Eobert 
Napier  and  Sous,  Glasgow ;  and  acted  for  a  short  time  as  engineer 
on  board  the  steamer  running  between  Ardrossan  and  Belfast.  He 
was  next  placed  in  the  office  of  Mr.  Thomas  Kyle,  engineering 
surveyor,  Glasgow,  whence  he  was  transferred  in  1846  to  that  of 
Messrs.  Walker  Burges  and  Cooper,  London,  by  whom  he  was  sent 
as  assistant  resident  engineer  to  the  government  harbour  works  at 
St.  Catherine's'  Bay,  Jersey.  There  he  remained  until  1855,  with 
the  exception  of  one  season  when  ho  was  sent  to  assist  Mr. 
Nicholas  Douglass  in  the  erection  of  the  Bishop  Rock  Lighthouse 
on  the  Scilly  Islands.  In  1855  he  went  to  Cardiff  as  resident 
engineer  for  Messrs.  Walker  Burges  and  Cooper  on  the  extension 
works  of  the  East  Bute  Dock  ;  and  on  the  death  of  Mr.  James 
Walker  in  1862  he  w-as  appointed  chief  engineer  of  the  Bute  Docks, 
which  position  he  retained  during  the  rest  of  his  life.  He  designed 
and  carried  out  the  Eoath  Basin,  Eoath  Dock,  and  many  contingent 
works  at  the  Bute  Docks,  of  which  he  presented  descriptions  to  this 
Institution  in  his  papers  read  at  the  Cardiff  Meetings  in  1874  and 
1884  (Proceedings  1874  page  119,  and  1884  page  227).  In 
conjunction  with  the  Marquis  of  Bute's  managing  trustee,  Mr.  John 
Boyle,  he  had  the  satisfaction  of  seeing  and  providing  for  the 
extraordinary  growth  of  the  trade  of  the  port  of  Cardiff,  to  the 
interests  of  which  he  may  truly  be  said  to  have  conscientiously 
devoted  the  best  part  of  his  life.     His  long  experience  led  to  his 
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being  frequently  consulted  on  dock  matters.  In  1880  he  was 
elected  mayor  of  Cardiff,  and  subsequently  an  alderman  of  the 
borough  and  justice  of  the  i)eace.  His  death  occurred  from  heart 
disease  on  28th  March  1889  in  the  sixty-sixth  year  of  his  age.  He 
became  a  Member  of  this  Institution  in  1872. 

Robert  Stirling  Newai.l,  F.R.S.,  was  born  at  Dundee  on 
27th  May  1812.  He  first  entered  a  mercantile  office,  but 
afterwards  went  to  London,  where  under  Mr.  Robert  M'Calmont  he 
found  more  genial  emi)loymeut  in  connection  with  experiments 
on  the  rapid  production  of  steam.  In  1840  he  invented  a  method  of 
making  wire  rope  by  machinery,  and  established  works  for  the 
purpose  at  Gateshead ;  and  wire  ropes  of  his  construction  are  now 
used  all  over  the  world.  From  time  to  time  he  improved  on  the 
original  design,  and  so  lately  as  1885  he  devised  a  new  machine 
by  which  the  ro^ie  is  made  at  one  operation,  thus  avoiding  the  double 
process  of  first  making  the  strands  and  then  combining  them  into  the 
rope.  His  interest  in  wire-rope  making  however  was  not  confined  to 
the  gradual  development  of  his  earlier  inventions.  He  was  quick  to 
see  that  wire  rope  might  help  in  solving  the  difficulties  which  had 
to  be  overcome  before  submarine  telegraphy  could  become  an 
accomplished  fact.  The  cumbrous  devices  at  first  suggested  for 
protecting  the  outer  covering  of  the  cables  were  forgotten  when  he 
proposed  in  1850  that  the  gutta-percha  lines  coTitaining  insulated 
Avire  should  be  surrounded  with  a  strong  wire-rope.  The  first 
successful  cable  between  England  and  the  Continent,  from  Dover  to 
Cape  Grisnez,  was  manufactured  by  him  on  this  plan  of  wire 
protection,  and  was  laid  by  Mr.  Crampton  on  25th  September  1851 
(Proceedings  1888,  page  438)  ;  a  previous  cable  not  so  protected  had 
failed  after  one  day's  trial.  In  1852  his  firm  manufactured  the 
Holyhead  and  Howth  and  Port  Patrick  cables  ;  and  in  1853  the  Dover 
and  Ostend,  the  Firth  of  Forth,  and  the  Holland  cables.  In  1853  he 
introduced  a  drum-brake  for  laying  cables  in  deep  seas,  which,  though 
for  a  time  abandoned,  has  since  been  again  employed.  During  the 
Crimean  war,  in  November  1854  his  firm  laid  a  wire  insulated  in 
gutta-percha  without  sheathing  of  any  kind  from  Varna  to  Balaclava ; 
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the  cable  was  run  out  over  tlie  stern  of  tlae  vessel  tlirough  Laud 
leathers  held  by  the  cablemen  in  turn.  In  1855  he  laid  the  Black 
Sea  cable  between  Eupatoria  and  Constantinople ;  and  in  1859  and 
1860  the  Eed  Sea  cable  from  Suez  to  Kurrachee.  After  laying  the 
latter  he  was  wrecked  in  the  P.  and  0.  steamer  "Alma,"  and  formed  one 
of  the  boat's  crew  that  left  to  seek  help  for  the  passengers.  He 
devoted  much  of  his  time  to  scientific  work,  and  had  an  observatory 
fitted  up,  for  which  he  had  a  25-inch  refracting  telescope  constructed, 
the  largest  previously  having  had  a  15-inch  aperture ;  just  before 
his  death  he  offered  this  instrument  as  a  gift  to  the  University  of 
Cambridge.  He  was  twice  mayor  of  Gateshead,  and  gave  much  time 
to  local  matters.  He  died  at  his  residence,  Ferndene,  Gateshead,  on 
21st  April  1889,  in  the  seventy-seveath  year  of  his  age.  He  became 
a  Member  of  this  Institution  in  1879. 

Ealph  Peacock,  of  Goole,  was  born  at  Fremiugton,  in  Swaledale, 
Yorkshire,  on  6th  September  1826  ;  and  his  father  removing  shortly 
afterwards  to  Leeds,  he  commenced  work  at  the  age  of  eleven  under 
him  and  his  grandfather,  who  were  the  contractors  for  making  the  old 
Leeds  tunnel  on  the  Leeds  and  Selby  Eailway.  He  was  apprenticed 
at  York  to  Mr.  Thomas  Cabry,  but  was  transferred  to  Selby,  and 
before  he  was  of  age  was  sent  to  France  to  superintend  some 
engineering  works.  On  his  return,  his  imcle,  Mr.  Eichard  Peacock, 
who  was  then  locomotive  superintendent  of  the  Manchester  Sheffield 
and  Lincolnshire  Eailway,  wished  him  to  join  that  line,  and  he  was 
appointed  superintendent  engineer  at  New  Holland.  He  was 
transferred  thence  to  Sheffield,  and  at  the  age  of  twenty-three  was 
removed  from  the  locomotive  department  to  become  marine  inspector 
and  manager  at  New  Holland.  Here  he  first  became  acquainted  with 
Goole,  having  designed  and  prepared  the  sj)ecificatious  of  the  steamer 
"  Cheviot  "  for  Messrs.  H.  T.  Watson  and  Co.  Shortly  afterwards  he 
removed  to  Goole,  and  joined  Mr.  H.  T.  Watson  in  the  Cyclojis 
Engineering  and  Shipbuilding  Works  on  the  north  side  of  the  Barge 
Dock,  of  which  he  became  the  sole  proprietor  on  the  retirement  of 
Mr.  Watson  in  1860.  To  meet  the  requirements  of  increasing 
business,  the  works  were  gradually  enlarged  until  they  extended 
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from  tho  Bavgo  Dock  to  tlio  Lancashire  and  YorksLirc  Railway  ;  and 
the  manufacture  of  smoke-consumiug  appliances,  steering  gear,  and 
disintegrators,  kept  a  large  number  of  men  in  constant  employment. 
Shipbuilding  of  all  kinds  was  carried  on,  including  many  tugs,  flyboats, 
and  steam  compartments  for  the  Aire  and  Calder  Navigation,  and 
a  large  iron  steamship,  the  "Mary  West,"  of  such  a  length  that  it 
had  to  be  launched  broadside  into  the  Barge  Dock.  In  1807 
additional  works  on  the  opposite  side  of  the  dock  were  purchased, 
and  larger  contracts  were  taken  for  engines,  boilers,  and  shipbuilding, 
until  in  1873  the  whole  business  was  converted  into  the  Goole 
Engineering  and  Shipbuilding  Company,  Mr.  Peacock  retaining  a 
large  interest  and  acting  for  a  few  years  as  manager.  On  leaving 
this  position,  he  bought  a  colliery  in  South  Wales,  which  resulted  in 
disastrous  loss,  for  after  the  first  few  days  the  pit  was  flooded. 
Eeturning  to  Goole,  he  first  took  a  wine  and  spirit  business,  besides 
acting  as  consulting  engineer  for  the  Yorkshire  Coal  and  Steamshiji 
Company,  in  whose  vessels  he  introduced  many  imj)rovements  of 
his  own,  including  a  propeller  which  was  extensively  adoj)ted.  The 
collision  by  which  the  "Cuxhaven"  was  sunk  on  20th  April  188f) 
did  much  to  undermine  his  health,  in  conseqxxence  of  the  unremitting 
attention  he  bestowed  ujion  the  wreck  for  some  days.  Lately  he 
had  been  occupied  in  the  inspection  of  a  new  steamer  building  at 
Messrs.  Earle's  yard  at  Hull.  He  died  on  29th  April  1887,  in  the 
sixty-first  year  of  his  age.  He  became  a  Member  of  this  Institution 
in  1869. 

The  Hon.  William  Eussell  was  born  at  Myreside,  Elgin,  on 
13th  March  1827,  and  died  in  Georgetown,  Demerara,  on  28th  March 
1888,  at  the  age  of  sixty-one.  During  his  residence  of  forty-two 
years  in  British  Guiana  he  .was  closely  connected  at  one  time  or 
another  with  nearly  every  sugar  estate  in  the  colony,  his  opinion 
being  highly  valued  by  all  planters,  by  whom  he  was  colloquially 
styled  the  sugar  king.  Amongst  the  mechanical  improvements  with 
which  his  name  is  chiefly  associated  is  that  of  macerating  and  double- 
crushing  the  sugar  cane,  which  thus  far  does  not  apj)ear  likely  to  be 
superseded  by  the  new  difiusion  process.     Perhaps  however  his  chief 
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claim  to  the  gratitacle  of  liis  fellow  colonists  was  tlie  elaboration  of 
a  system  of  water  supply  for  the  principal  districts  under  cultivation, 
including  also  the  city  of  Georgetown  and  the  populous  villages  of 
the  east  coast.  The  government  of  the  colony  has  voted  a  large  sum 
of  money  towards  the  erection  of  a  statue  in  his  memory,  the  first 
instance  on  record  of  such  a  testimonial  to  the  worth  of  any  public 
man  in  British  Guiana.  He  became  a  Member  of  this  Institution  in 
1878. 

Charles  Eeboul  Sacre  was  born  in  London  on  4th  September 
1831,  and  at  the  age  of  fifteen  was  an  articled  pupil  under  Mr. 
Archibald  Sturrock  upon  the  Great  Western  Eailway.  After  serving 
his  time  he  occupied  a  responsible  position  upon  the  Great  Northern 
Eailway  at  Boston  and  Peterborough.  He  was  next  engaged  as  chief 
engineer  upon  the  Manchester  Sheffield  and  Lincolnshire  Eailway ; 
and  was  also  connected  with  the  South  Yorkshire  Eailways,  the 
Cheshire  Lines  Committee,  the  Humber  Conservancy,  and  the 
Manchester  South  Junction  and  Altrincham  Eailway.  During  his 
several  years'  service  in  these  capacities,  he  was  continually  engaged 
as  engineer  of  the  various  new  works  in  connection  therewith, 
and  also  in  giving  evidence  for  parliamentary  committees.  His 
engineering  ability  with  his  acknowledged  common  sense  in  all 
matters  of  moment  gained  him  a  considerable  reputation.  The 
results  in  respect  to  the  working  expenses  of  the  locomotive, 
carriage,  and  permanent  way  departments  under  his  control 
showed  notable  success  in  the  savings  effected.  In  1885  he  retired 
from  the  Manchester  Sheffield  and  Lincolnshire  Eailway,  but  was 
retained  as  their  consulting  engineer ;  and  was  engaged  by  several 
other  railways  to  give  evidence  in  connection  with  parliamentary 
arbitration  and  other  matters.  He  became  a  Member  of  this 
Institution  in  1859.  His  death  took  place  in  Manchester  on 
8rd  August  1889,  in  the  fifty-eighth  year  of  his  age. 

George  Spencer  was  born  at  Brighton  on  17th  June  1810,  and 
at  an  early  age  attended  the  engineering  classes  at  the  Birkbeck 
Institute.     Subsequently  he  worked  in   the  drawing  office  of  Mr. 
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Georgo  Dempsey,  and  duriug  the  great  extension  of  tbo  railway 
system  throughout  the  country  from  1845  to  1818  was  largely 
engaged  in  surveying.  Afterwards  he  was  employed  by  Messrs.  Fox 
Henderson  and  Co.  in  assisting  in  the  design  and  erection  of  bridges 
and  roofs,  and  in  the  design  of  railway  rolling  stock.  Amongst  the 
many  works  with  which  he  was  connected  under  them  were  the 
Crystal  Palace,  of  which  he  executed  the  drawings,  and  the 
Bricklayers'  Arms  Goods  Station  of  the  South  Eastern  Eailway, 
of  which  he  superintended  the  erection.  In  1852  he  founded 
the  business  of  Messrs.  Georgo  Spencer  and  Co.  for  supplying 
railways  with  india-rubber  springs  &c.,  in  which  he  introduced 
several  improvements  that  have  been  extensively  adopted.  He  died 
at  Montreux  in  Switzerland  on  5th  June  1889,  in  his  seventy-ninth 
year.     He  became  a  Member  of  this  Institution  in  1878. 

Egbert  Paulson  Spice  was  born  in  Norwich  on  1st  January 
1814.  Having  started  in  business  as  an  ironmonger  at  Fakenham  in 
Norfolk,  his  connection  with  the  management  of  gas  undertakings 
began  with  the  construction  in  1843  of  the  works  for  lighting  that 
town.  He  then  settled  at  Richmond,  Surrey,  where  he  devoted 
himself  to  the  management  of  gas  works  under  leases,  according  to  a 
common  practice  at  that  time.  In  1860  he  opened  offices  in  Cornhill, 
London,  and  for  several  years  subsequently  was  lessee  of  the  gas 
works  at  Wandsworth,  Hampton  Court,  Eichmond,  and  Watford. 
He  also  built  gas  works  at  Great  Yarmouth,  Boston  (Lincolnshire), 
Tunbridge  Wells,  Tattershall,  Abingdon,  Hartley  Wintney, 
Hoddesdon,  and  other  places.  The  new  works  at  Eiddings,  near 
Alfreton,  iave  also  just  been  completed  from  his  plans.  In  addition 
to  the  work  of  construction,  his  services  as  adviser,  witness,  or 
umpire  were  constantly  sought ;  and  he  had  an  extensive  parliamentary 
practice.  He  was  at  one  time  interested  in  experiments  for  the 
manufacture  and  suj^ply  of  water  gas,  and  described  the  plan  in  June 
1875  in  a  paper  read  before  the  British  Association  of  Gas  Managers, 
of  which  he  became  president  in  the  following  year.  The  plan  was 
tried  on  a  working  scale  at  the  Crystal  Palace  District  Gas  Works, 
but   proved   unsuccessful.      In   1881   he   was   concerned   with  the 


May  18S9.  MEMOIRS.  341 

St.  John  and  Rockwell  gas  condensing  and  carburetting  apparatus ; 
and  more  recently  was  interested  in  the  Cooper  coal-liming  process. 
He  died  in  London  on  11th  May  1889,  at  the  age  of  seventy-five. 
He  became  a  Member  of  this  Institution  in  1876. 
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PROCEEDINGS. 


July  1889. 


The  Summer  Meeting  of  the  Institution  was  held  in  Paris, 
commencing  on  Tuesday,  2nd  July  1889,  at  Half-past  Nine  o'clock 
a.m. ;  Chakles  Cochrane,  Esq.,  President,  in  the  chair. 

The  President  and  Council  and  Members  were  received  in  the 
large  Lecture  Theatre  of  the  Conservatoire  des  Arts  et  Metiers,  by 
M.  Gustave  Eiffel,  President  of  the  Societe  des  Ingenieurs  Civils, 
and  by  other  members  of  the  Eeception  Committee  of  the  Society. 

M.  Eiffel  addressed  the  President  and  Members  as  follows : — 
Gentlemen,  in  the  name  of  the  Societe  des  Ingenieurs  Civils  de 
France,  represented  here  by  their  Council  and  by  many  of  their 
most  eminent  Members  who  gladly  join  me  on  this  occasion,  I 
liave  very  great  pleasure  in  offering  a  most  cordial  welcome  to  the 
Institution  of  Mechanical  Engineers  at  the  opening  of  their  present 
meeting  in  Paris.  I  beg  to  assure  them  that  the  Members  of  our 
Society  are  happy  to  receive  them  as  colleagues  whom  we  are  proud 
to  recognise  as  having  done  the  greatest  honour  all  over  the  world  to 
our  grand  profession  of  engineering. 

Colonel  Laussedat,  the  distinguished  Director  of  the  Conservatoire 
des  Arts  et  Metiers,  fully  intended  to  be  present  today,  and  has 
desired  me  to  express  his  regret  that  he  is  prevented  from  receiving 
you  himself  in  this  renowned  establishment  over  which  he  presides. 
He  is  detained  at  the  Exhibition  by  imperative  duties,  and  is  obliged 
to  ask  you  to  excuse  him  for  not  being  with  you. 

English  engineers  can  hardly  be  ignorant  of  the  high  estimation 
in  which  they  are  held  by  their  French  brethren,  who  have  all  learnt, 
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not  only  during  tlieir  professional  training,  but  even  from  their 
earliest  cliildhoocl,  thanks  to  the  voice  of  i)ublic  opinion,  that 
England  occupies  the  foremost  place  in  mechanical  engineering, 
which  is  specially  represented  at  this  meeting.  To  her  are  due,  as 
is  well  known,  not  only  the  railway  and  the  locomotive,  but  also 
many  other  important  inventions  which  have  largely  contributed  to 
general  progress,  and  have  thus  conferred  upon  the  world  benefits 
calling  for  the  gratitude  of  mankind.  Wc  are  further  indebted  to 
you  for  the  structures  you  have  originated  in  iron  and  steel,  as 
represented  by  that  admirable  work,  the  Britannia  Bridge,  which 
was  the  wonder  of  its  time,  and  has  now  been  succeeded  by  another 
triumph  in  the  Forth  Bridge ;  and  many  are  the  illustrious  names 
which  intervene  between  that  of  Eobert  Stephenson  and  that  of 
Benjamin  Baker.  While  in  all  these  great  railway  and  other  works 
I  have  no  hesitation  in  recognizing  you  as  our  precursors,  we  too  have 
brought  to  bear  in  the  same  direction  our  national  engineering 
abilities,  particularly  our  love  of  clearness  and  of  mathematical 
reasoning,  which  will  not  have  failed  to  influence  the  progress  of 
all  the  applied  sciences. 

We  are  particularly  glad  to  welcome  you  in  France  on  the 
occasion  of  our  great  Exhibition,  whereby  we  hope  above  all  to 
testify  our  hearty  desire  to  create  a  fresh  bond  of  union  between  the 
engineers  of  our  two  nations.  We  cordially  wish  to  witness  a 
strengthening  of  that  miitual  understanding,  of  which  the  imjiortance 
is  daily  becoming  more  conspicuous,  inasmuch  as  engineers  of  all 
countries  alike  are  soldiers  fighting  under  a  common  banner  for  the- 
progress  of  mankind. 

I  therefore  bid  you  all  a  hearty  welcome,  and  trust  that  your 
present  Meeting  will  mark  a  fresh  step  forwards  in  that  march  of 
scientific  progress  to  which  are  devoted  the  lives  of  Engineers. 

The  President  was  sure  the  note  of  welcome  given  by  M.  Eifiel 
could  be  mistaken  by  no  one  who  heard  it.  In  his  reference  to  the 
engineering  triumphs  of  Great  Britain  he  had  been  so  modest  as  to 
take  no  notice  whatever  of  the  great  triumj)hs  by  which  France  had 
been  distinguished,  and  to   which   he   had  lent  his  own  powerful 
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aid  in  a  manner  well  known  not  only  in  France  bnt  in  all  countries- 
throughout  Europe.  If  M.  Eiffel  could  speak  in  praise  of  English 
engineers,  the  latter  could  also  find  a  great  deal  worthy  of  praise 
in  France,  culminating  in  the  two  mammoth  works  with  which 
M.  Eiffel  was  himself  associated,  namely  the  Garabit  Viaduct  and. 
the  Eiffel  Tower;  and  certainly  his  own  name  would  rank  with, 
those  of  Eobert  Stephenson  and  Benjamin  Baker,  to  whom  he  had 
made  such  j)leasing  reference.  M.  Eiffel  had  expressed  hi& 
pleasure  in  welcoming  the  Members  of  the  Institution ;  and  he  was 
quite  sure  that  the  Members  in  their  turn  would  join  with  one 
accord  in  expressing  their  gratification  at  receiving  so  cordial  a 
welcome  from  their  brother  engineers  in  the  city  of  Paris  ;  and  they 
would  most  certainly  concur  in  the  idea  expressed  by  him  as  to  their 
being  all  alike  engaged  in  working  on  behalf  of  the  progress  of 
humanity.  The  Members  would  not  forget  how  greatly  they  were 
indebted  to  Colonel  Laussedat  for  his  kind  permission  to  meet  in  the 
hall  in  which  they  were  now  assembled  ;  and  while  they  all  regretted 
his  unavoidable  absence,  they  had  heard  from  M.  Eiffel  the  cause  to 
which  it  was  owing.  Nor  would  they  overlook  the  fact  that  they 
had  amongst  their  visitors  on  this  occasion  so  distinguished  an. 
engineer  as  M.  Ferdinand  de  Lesseps,  upon  the  merits  of  whose  great 
works  it  would  be  superfluous  to  enter ;  it  was  enough  to  know 
that  their  meeting  was  honoured  by  the  presence  of  so  eminent  an 
engineer.  Possibly  many  Englishmen  had  flattered  themselves  that 
their  countrymen  were  the  sole  inventors  of  the  steam  engine ;  but 
he  observed  that  there  was  in  this  building  a  monument  erected  to 
the  memory  of  Denis  Papin,  for  whom  it  was  claimed  that  he  was 
the  inventor  of  the  steam  engine  in  1690 :  thus  showing  how 
discoveries  might  take  place  in  two  countries  quite  independently  of 
each  other.  The  monument  had  been  erected  by  national  subscription 
only  two  or  three  years  ago ;  and  it  was  highly  gratifying  to 
observe  how  the  same  ideas  were  similarly  developed  in  different 
countries. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President, 

2  H  2 
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Tlio  President  anuounced  tliat  the  Ballot  Lists  for  tho  election 
of  New  Members  had  been  opened  by  a  committee  of  the  Council, 
and  that  the  following  thirty-seven  candidates  were  found  to  be  duly 
elected : — 


George  Addy,  .... 

.     Sheffield. 

Charles  Frederick  Archer, 

.     London. 

William  James  Bayford,    . 

.     Delhi. 

Philip  Bright, 

London. 

William  Callan, 

London. 

Egbert  Coey,    .... 

Dublin. 

John  Freeland  Fergus  Common, 

Cardiff. 

William  Hart  Cdllen, 

Oldbury. 

Ernest  Howard  Foster, 

Paris, 

Ebenezer  Hall-Brown, 

Hartlepool. 

John  Hopwood, 

Mendoza. 

Cooper  Horsfield,     . 

Leeds. 

ElCHARD  HOSKEN, 

Chejistow. 

John  Hughes,   .... 

Chester. 

William  Charles  Irvine,   . 

West  Hartlepool 

Charles  William  James,    . 

Paris. 

Ealph  Kan th ace, 

Jena. 

Alexander  MacLay, 

Glasgow. 

The  Hon.  James  Martin,    . 

Gawler. 

John  Henry  A.  MoIntyre, 

Glasgow. 

Bernard  Adolph  Munster, 

Yokosuka. 

Thomas  Owen, 

Derby. 

David  Codrington  Selman, 

Bristol. 

Isaac  Shone,     .... 

London. 

David  Souter-Eobertson,  . 

Saharanpore. 

William  Penrose  Trenerry, 

Florence. 

Thomas  Warsop,        .          .          .          . 

Conistou. 

John  Eichardson  Wigham, 

Dublin. 

associates. 

Carl  Johann  Wilhelm  Gotz, 

Manchester. 

George  Francib  Gregory, 

London. 
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William  Henry  Miles,       .  .  .  Bournemouth, 

Joseph  Nasmith,        ....  Blanche  ster, 

GRADUATES. 

Walter  Bernard  Challev,  .  .  BirmiDgliam. 

George  Nobcliffe  Cook,    .  .  .  Sheffield, 

LuciEN  Alphonse  Legros,    .  .  .  London. 

Edgar  Lyon  Paget,   ....  Loughborough, 

John  Cuthbert  Wigham,     .  .          .  Dublin. 


The  following  Paper  was  then  read  and  discussed : — 

Description  of  the  Lifts  in  the  Eiffel  Tower;  by  Mr.  A.  Ansaloni,  of  Paris. 

At  the  conclusion  of  the  reading  of  the  Paper  the  Eesults  of 
the  Working  of  the  Lifts  to  date  were  communicated  verbally  by 
M.  Eiffel,  President  of  the  Socicte  des  Ingenieurs  Civils. 

The  following  Paper  was  read  and  partly  discussed : — 

The  Kationalization  of  Kegaault's  Experiments  on  Steam  ;  by  Mr.  J.  Macfaklaxb 
Gray,  of  London. 

At  a  Quarter  past  Twelve  the  Meeting  was  adjourned  to  the 
followinoc  morning. 


The  Adjourned  Meeting  was  held  in  the  large  Lecture  Theatre 
of  the  Conservatoire  des  Arts  et  Mutiers,  Paris,  on  Wednesday, 
3rd  July  1889,  at  Half-jmst  Nine  o'clock  a.m. ;  Charles  Cochrane, 
Esq.,  President,  in  the  chair. 

The  following  Papers  were  read  and  discussed  : — 

On  Warp  "Weaving  and  Knitting,  without  Weft;  by  Mr.  Arthlt.  Paget,  of 

Loughborough,  Vice-President. 
On  Gas  Engines,  with  description  of  the  Simplex  Engine;  by  Mr.  Edouabd 

Delamare-Deboutteville,  of  Eouen. 
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Sbortly  after  Noon  the  Discussion  was  adjourned  to  the  following 
morninf'. 


The  Adjourned  Meeting  was  held  in  the  large  Lecture  Theatre 
of  the  Conservatoire  des  Arts  ct  Metiers,  Paris,  on  Thursday,  4th 
July  1889,  at  Half-past  Nine  o'clock  a.m. ;  Cuaules  Cocheane, 
Esq.,  President,  in  the  chair. 

The  Discussion  on  Mr.  Gray's  Paper  on  the  Rationalization 
of  Eegnault's  Experiments  on  Steam  was  resumed  and  completed  ; 
as  was  also  that  on  Mr.  Delamare-Deboutteville's  Paper  on  Gas 
Engines.  The  two  remaining  Papers  announced  for  reading  and 
discussion  were  adjourned  to  subsequent  meetings. 


The  President  proposed  the  following  Votes  of  Thanks,  which 
■were  passed  by  acclamation  : — 

To  the  Director  of  the  Conservatoire  des  Arts  et  Me'tiers,  Colonel  Laussedat,  for 
the  facilities  and  accommodation  he  has  so  ohligingly  afforded  for  again 
holding  the  Meeting  of  this  Institution  in  the  Conservatoire ;  and  to 
the  Engineer,  M.  Masson,  for  his  kindness  in  carrying  out  the  necessary 
arrangements. 

To  the  President  and  IMcrabers  of  the  Socie'te  des  Ingenieurs  Civils,  and 
particularly  to  their  Kecejition  Committee,  and  their  Agent  General, 
M.  Armand  de  Dax,  for  the  highly  accei^table  and  hospitable  arrangements 
they  have  made  for  welcoming  and  entertaining  the  Members  of  the 
Institution  during  their  visit  to  Paris. 

To  the  Proprietors  and  Authorities  of  the  various  Engineering  and  Manufacturing 
Works  and  other  Establishments  so  liberally  opened  to  tlie  visit  of  the 
Members  on  the  occasion  of  this  Meeting ;  and  to  the  Railway  Authorities 
for  the  special  facilities  so  obligingly  afforded  in  connection  therewith. 

To  the  Honorary  Local  Secretary,  Mr.  Henry  Chapman,  for  his  renewed  kindness 
in  again  at!brdiug  to  the  Institution  the  benefit  of  his  valued  aid  and 
experience  in  ensuring  the  success  of  this  third  Meeting  of  the  Institution 
in  Paris ;  and  to  his  Manager,  M.  Henri  Vaslin,  for  the  energetic  manner 
in  which  he  has  shared  in  carrying  out  the  details  of  the  various 
arrangements. 
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Mr.  Arthur  Paget,  Vice-President,  was  sure  that  all  present 
would  desire  to  j)ass  a  most  hearty  vote  of  thanks  to  the  President. 
This  was  the  third  occasion  on  which  he  had  himself  visited  Paris 
for  a  meeting  of  the  Institution,  and  he  had  never  known  a  president 
throw  his  heart  and  soul  more  thoroughly  into  his  work  than 
Mr.  Cochrane  had  done,  or  perform  it  more  to  the  satisfaction  of  all 
the  Members.  He  therefore  proposed  that  an  earnest  vote  of  thanks 
be  passed  to  the  President  for  his  valuable  labours. 

The  motion  was  carried  by  acclamation. 

The  Meeting  then  terminated  shortly  after  Noon.  The  attendance 
was  189  Members  and  79  Visitors. 
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DESCEIPTION  OF  THE  LIFTS  IX  THE  EIFFEL  TOWEE. 


By  Mr.  A.  AXSALONI,  op  Pari? 


The  Eiffel  Tower,  Fig.  1,  Plato  61,  though  984  feet  high,  wouhl 
be  of  comparatively  little  interest  if  seen  only  at  a  distance.  The 
details  of  this  gigantic  structure  call  for  close  examination  ;  and  from 
its  successive  platforms,  as  they  rise  one  above  another,  a  widening 
prospect  is  enjoyed,  which  at  the  summit  extends  to  a  distance  of 
forty  or  fifty  miles  round. 

In  the  erection  of  this  work,  the  designer  has  also  had  in  view 
the  means  of  rendering  it  accessible  to  the  greatest  number.  To 
climb  1,800  steps  on  foot  to  the  summit  was  not  to  be  thought  of, 
though  a  staircase  may  suffice  for  mounting  to  the  first  platform, 
189  feet  above  the  ground.  This  platform  can  accordingly  be 
leached  without  fatigue  by  two  wide  staircases,  constructed  in  the 
east  and  west  piers.  Even  the  second  platform  may  also  be  reached 
by  small  winding  staircases  which  occupy  the  four  corners  of  the 
tower. 

Independently  of  the  staircases  however,  the  ascent  is  made  by 
means  of  Lifts  arranged  in  the  following  manner.  Two  lifts  on 
the  Eoux,  Combaluzier,  and  Lepape  system,  with  chains  of  jointed 
rods,  lift  from  the  ground  to  the  first  platform,  working  alongside  the 
staircases  in  the  east  and  west  piers.  Two  American  lifts  on  the 
Otis  plan  work  in  the  north  and  south  piers,  starting  likewise  from 
the  ground  and  rising  to  the  second  platform  at  380  feet  height,  with 
option  of  stopping  at  the  first  platform.  Lastly,  by  a  lift  on  the 
Edoux  system,  placed  vertically  in  the  centre  of  the  tower,  visitors 
are  raised  from  the  second  platform  to  the  third  at  a  height  of 
906  feet  above  the  ground. 

Each  Eoux  lift  is  capable  of  raising  100  persons  at  a  speed  of 
197  feet  per  minute,  and  will  make  twelve  trips  per  hour  j  the  two 
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lifts  together  will  tlius  raise  2,400  persons  per  Lour  to  the  first 
platform,  where  there  are  restaurants,  cafes,  and  large  covered 
galleries,  whence  to  enjoy  the  surrounding  views.  Tho  two- 
Otis  lifts  will  each  hold  50  persons,  and  work  at  a  speed  of  3D4 
feet  per  minute,  and  make  eight  trips  an  hour,  thus  conveying 
800  persons  per  hour  to  the  second  jilatform.  The  Edoux  lift 
will  hold  from  GO  to  70  persons,  and  make  twelve  trips  per  hour, 
assuming  a  speed  of  177  feet  per  minute  ;  it  will  thus  raise  to  the;- 
third  platform  the  800  persons  per  hour  brought  up  by  the  Americau 
lifts. 

Eous,  CoMBALUziER,  AND  Lepape  Lifts.     (Platcs  62-66.) 

These  lifts  consist  essentially  of  a  double  chain  of  jointed  rods- 
J  J,  Figs.  2  to  4,  Plate  62,  fitted  at  each  joint  with  a  small  pair  of 
wheels,  on  which  the  chains  run  in  guide-trunks  TT  fastened  to  the 
inclined  girders  G  that  carry  the  rails  E  whereon  the  cabin  runs.. 
The  rods  are  1 J  inches  diameter  and  3  •  28  feet  long ;  and  jointed 
together  they  form  a  complete  circuit,  each  chain  passing  at  top 
over  a  pulley  11;|  feet  diameter,  j^laccd  above  the  first  platform.. 
On  each  side  of  the  cabin  is  bolted  a  wrought-iron  bar,  which  forms 
one  link  in  the  chain  of  jointed  rods;  and  in  order  to  let  this, 
attachment  pass,  each  of  the  two  lower  guide-trunks  has  a  longitudinal 
slot  S,  Fig.  4,  all  along  its  inner  side  facing  the  cabin ;  the  upper 
trunk,  containing  the  return  half  of  the  chain,  is  entirely  closed.  At 
the  bottom,  each  chain  of  rods  passes  under  a  driving  wheel  W, 
Plate  63,  12j  feet  diameter,  with  twelve  arms ;  on  the  extremity  of 
each  arm  is  a  hollowed  steel  tooth,  by  which  the  eyes  of  the  rods  are 
caught  successively,  and  thus  the  chain  of  rods  is  driven.  The  driving, 
wheel  of  each  circuit  is  driven  from  a  hydraulic  plungei',  41;^-  inches- 
diameter  and  16  J  feet  stroke,  which  works  horizontally  in  a  hydraulic 
cylinder  47  inches  diameter,  Plates  63  and  64.  A  pair  of  63-inch 
pulleys  carried  on  the  plunger  head  II  engage  a  pair  of  triple-link 
pitch-chains  N,  one  end  of  which  is  fixed  to  the  cylinder  bed-plate„ 
whilst  the  other  end  takes  half  a  turn  round  a  double  drum  D 
23^  inches  diameter,  which  is  keyed  on  the  shaft  of  the  driving. 
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wheel  W.  For  cacli  lift  tlic  mechanism  is  in  duplicate  ;  but  the 
driving  shafts  are  coupled  together,  and  the  motion  is  regulated  by 
two  water-valves  W,  Plate  G6,  worked  simultaneously,  by  which 
water  is  admitted  from  the  reservoirs  situated  on  the  second  platform, 
4it  a  height  of  380  feet,  for  raising  the  lift ;  while  in  the  descent 
the  water  is  allowed  to  exhaust  gradually  from  the  cylinders.  The 
Mater  pressure  accordingly  acts  in  the  ascent  only  ;  the  descent 
is  made  by  the  weight  of  the  cabin,  which  is  more  than  suflScient  for 
the  purpose,  and  is  partly  counterbalanced  by  lead  counterweights 
2)laced  on  some  of  the  rods  in  the  upper  or  closed  guide-trunks. 

Balance. — The  weight  of  tlic  two-storey  cabin  empty  is  about 
14,080  lbs. ;  the  counterweights  weigh  6,600  lbs.,  leaving  an 
wibalanced  load  of  7,480  lbs.,  of  which  the  component  parallel  to 
the  track  inclined  at  54°  35'  is  7,480  X  sin  54^  35'  =  7,480  x  0-815 
=  6,096  lbs.  This  load  is  sufficient  to  overcome  frictional  resistance, 
lis  well  as  to  drive  the  j)luugers  home  to  the  end  of  the  cylinders,  and 
thus  enables  the  cabin  to  descend  empty. 

In  ascending  with  100  persons,  estimated  at  15,400  lbs.,  the 
Tiubalanced  weight  of  the  cabin  being  7,460  lbs.,  there  is  a  total 
load  of  22,880  lbs,,  representing  on  the  incline  a  pull  of  22,880  x 
'0-815  =  18,647  lbs.  at  the  extremity  of  the  arms  of  the  driving 
wheels.  On  the  plungers,  according  to  the  ratio  of  the  tackle  and 
without  allowing  for  friction,  this  pull  becomes  18,647  X  — ^o.^ 
X  2  =  18,647  X  13  =  242,411  lbs.  Assuming  from  45  to  50  feet  loss 
■of  head  in  the  pij)e  from  the  reservoirs  on  the  second  platform  to 
the  cylinders,  there  w-ill  still  remain  a  pressure  of  142  lbs.  per  square 
inch  on  the  plungers,  or  2  x  1,342  sq.  ins.  x  142  =  381,798  lbs.  Of 
the  diflerence,  381,798  -  242,411  =  139,387  lbs.,  about  one  half  will 
be  absorbed  in  overcoming  the  various  frictional  resistances  of  the 
lift. 

Cabins. — The  cabins.  Fig.  8,  Plate  65,  consist  of  two  separate 
rooms,  one  above  the  other,  each  S^  feet  high  and  lOi  feet  wide  and 
13;^  feet  long.  Each  room  rests  on  a  wrought-iron  floor-frame.  By 
means  of  slanting  cheeks  the  travelling  chains  of  jointed  rods  are 
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fastened  not  only  to  tlie  sides  of  the  lower  room  but  also  to  each  of 
the  two  floor-frames. 

Each  cabin  is  carried  on  four  wheels,  two  on  each  side,  which  run 
on  the  inclined  track.  The  two  rooms  are  fitted  with  sliding  doors 
at  the  sides,  which  are  opened  and  closed  from  the  outside  by  the 
conductor  of  the  lift,  who  stands  on  a  platform  projecting  in  front  of 
the  lower  room  ;  or  an  attendant  stationed  on  the  landings  minds  the 
doors  of  the  upper  room.  Each  room  is  fitted  with  a  bench  at  the  back 
for  the  whole  width,  and  several  short  seats ;  the  total  accommodation 
provided  is  for  100  persons,  30  sitting  and  70  standing. 

Water  Distribution. — The  water  from  the  reservoirs  on  the  second 
platform  is  brought  to  the  foot  of  each  pier  through  a  wrought- 
iron  pipe  about  10  inches  diameter.  The  exhaust  water  which  has 
passed  through  the  cylinders  is  returned  through  another  10-inch 
pipe  to  a  feed  tank  which  suj)plies  the  pumps  placed  in  the  south 
pier,  Fig.  47,  Plate  77. 

The  water  distributors  VV  for  the  two  cylinders  are  placed 
between  the  supply  and  exhaust  pipes,  Figs.  6  and  7,  Plates  64 
and  65.  Each  distributor  consists  of  a  cast-iron  box  with  three 
compartments.  Fig,  9,  Plate  66,  which  are  separated  by  two  gun- 
metal  valves  partially  balanced.  The  valve  spindles  are  worked 
by  two  cams  M  mounted  opposite  each  other  on  the  same  shaft,  so  as 
to  act  on  one  valve  or  tbe  other  according  as  the  shaft  is  turned  one 
way  or  the  other.  The  cam  shaft  is  controlled  by  means  of  a  double 
rope  running  along  the  route  of  the  cabin,  so  that  the  conductor 
can  work  it  at  any  height  for  regulating  the  speed.  The  cabins 
are  stopped  automatically  on  arriving  at  either  end  of  the  trip  by 
means  of  tappets  A,  Plates  63  and  64,  which  are  struck  by  the  heads 
of  the  plungers  at  the  extremities  of  their  stroke. 

Safety. — Should  the  chain  break  at  any  part,  the  cabin  would 
simply  stop.  It  could  not  fall,  because  the  rods  forming  the  chains 
are  constantly  abutting  against  one  another ;  and  as  the  chains  are 
confined  in  the  closed  guide-trunks,  they  cannot  buckle  under 
compression.     Moreover  the  mechanism  is  double,  one  set  on  each 
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side  of  tlio  cabin ;  aud  ench  set  is  capable  of  sustaining  the  whole 
weight  of  the  cabiu,  if  not  of  raising  it. 

Otis  Lifts.    (Plates  G7-75.) 

The  Otis  lift  is  like  a  tackle  acting  inversely,  the  power  being 
apj)lieil  direct  to  tbe  movable  pulley-block,  while  the  free  eud  of  the 
rope  is  attached  to  the  load.  The  power  is  derived  from  a  hydraulic 
cylinder  H,  Fig.  12,  Plate  G7,  38  inches  diameter  and  3G  feet  long, 
having  a  piston  witli  two  4^  iuch  rods,  the  upper  ends  of  which  are 
fastened  to  a  truck  Y  carrying  six  grooved  pulleys  of  5  feet  diameter. 
The  hydraulic  cylinder  is  shown  in  section  in  Fig.  14,  Plate  68, 
the  piston  with  two  rods  in  Figs.  17  and  18,  and  the  travelling 
pulley-truck  in  Plate  72,  The  cylinder  is  supported  on  two  girders 
about  131  feet  long,  inclined  at  an  angle  of  61'^  20',  as  shown  in 
Plates  G7  and  68.  These  girders  carry  also  the  path  on  which  the 
pulley-truck  runs ;  and  at  their  ujiper  end  are  mounted  six 
stationary  pulleys,  corresponding  with  the  movable  pulleys  Y,  the 
whole  thus  forming  a  gigantic  twelve-purchase  tackle.  The  roi^e  iS' 
f[uadrui)led,  being  comj^osed  of  four  steel-wire  ropes  of  0*79  inch 
diameter ;  the  dead  end  is  fastened  to  the  top  of  the  girders  by 
means  of  a  whipple-tree,  so  as  to  secure  equal  tension  on  each  of 
the  four  component  ropes.  The  free  end  of  the  rope  rises  above 
the  second  platform,  being  guided  by  flanged  pulleys ;  the  four  ropes 
are  then  divided  into  two  pairs,  which  pass  down  each  side  of  the 
litt-track  and  are  attached  to  the  safety  apparatus  beneath  the  cabin. 
Fig.  29,  Plate  78.  In  order  to  diminish  the  stress  on  the  piston, 
amounting  theoretically  to  twelve  times  the  load  to  be  lifted,  the! 
dead  weight  is  partly  bahiuccd  by  a  counterweight  T,  Fig.  12, 
leaving  only  enough  unbalanced  for  enabling  the  cabiu  to  descend 
of  itself  when  empty,  aud  to  raise  thereby  the  pulley-truck  and  the 
piston ;  the  water  pressure  is  admitted  into  the  top  only  of  the 
hydraulic  cylinder,  which  is  thus  single-acting.  The  counterweight; 
consists  of  a  truck  27  feet  long,  on  four  wheels,  which  is  loaded  with 
cast-iron  weights ;  it  travels  upon  a  track  148  feet  long,  laid  on 
girders  situated  directly  beneath  the  lift-track,  near  the  base  of  the 
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tower,  in  a  straight  portion  inclined  at  54^  35',  Plate  67.  It  is 
connected  to  the  cabin  by  two  steel-wire  ropes  of  0  •  9  inch  diameter, 
arranged  as  a  three-purchase  tackle,  and  passing  over  sheaves  above 
the  second  platform,  whence  they  descend  at  each  side  of  the  lift- 
track,  parallel  to  the  main  ropes,  and  are  similarly  attached  to  the 
safety  gear  beneath  the  cabin.  Fig.  29. 

Balance. — The  cabin  and  its  truck,  with  safety  appliances  and 
other  gear,  make  up  a  weight  of  23,900  lbs.,  which  when  resolved 
parallel  to  the  54°  35'  inclination  of  the  lift-track  is  reduced  to 
23,900  X  0-815  =  19,510  lbs.  The  counterweight  of  55,000  lbs. 
becomes  at  the  same  inclination  equivalent  to  55,000  x  0*815  = 
44,970  lbs.,  capable  of  balancing  14,660  lbs.  on  the  cabin,  after 
allowing  for  friction.  There  remains  therefore  an  unbalanced  weight 
of  19,510  -  14,660  =  4,850  lbs,,  to  which  must  be  added  the 
resultant  weight  of  fifty  passengers,  say  7,700  lbs.  x  0*815  = 
6,280  lbs. ;  and  also  the  dead  resistances,  together  with  the  increase 
of  load  due  to  the  steeper  inclination  of  78^  9'  in  the  upper  jiart 
of  the  track,  say  4,740  lbs.  The  total  resistance  is  accordingly 
4,850+6,280  +  4,740  =  15,870  lbs. 

The  stress  on  the  piston  rods  will  theoretically  be  twelve  times 
this  amount,  or  15,870  x  12  =  190,440  lbs.  But  the  weight  of  the 
pulley-truck  and  also  that  of  tbe  piston  have  to  be  deducted, 
representing  together  about  33,0G0  lbs.  in  favour  of  the  power.  The 
height  of  fall  from  the  level  of  the  reservoirs  at  the  second  platform 
down  to  the  discharge  of  the  water  from  the  cylinder  is  398^  feet ; 
allowing  for  loss  of  head,  and  deducting  the  area  of  the  two  piston- 
rods,  a  pressure  of  156  lbs.  per  square  inch  may  be  taken  in  the 
cylinder  of  1,134  —  28  =  1,106  square  inches  net  area;  and  1,106 
X  156  =  172,530  lbs.  The  total  power  is  therefore  33,060  + 
172,530  =  205,590  lbs.,  which  is  considerably  greater  than  the  power 
required  to  balance  the  total  resistance  of  190,440  —  33,060  = 
157,380  lbs.  on  the  piston. 

Cabins. — The  cabins,  Fig.  11,  Plate  67,  are  nearly  identical  in 
dimensions  with  those  of  the  Roux  lifts  ;  and  that  the  two  rooms 
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accommodato  only  50  persons  instead  of  100  is  in  consequence  of 
seats  being  provided  for  all  tlie  passengers,  as  a  precaution  against 
tlic  tilting  movement  of  the  cabin  during  tlio  journey,  owing  to 
the  change  of  inclination  of  the  track,  which  is  23 '  34'  steeper 
between  the  first  and  second  platforms.  The  consequence  is  that,  if 
the  floor  of  the  cabin  were  horizontal  during  the  lower  part  of  the 
trip,  it  would  assume  a  slope  of  43^  in  100  during  the  upper  part. 
To  obviate  this  inconvenience,  the  floor  of  the  gangway  from  front 
to  back  of  each  room  is  formed  of  steps  pivoted  on  beams,  which  are 
adjusted  by  the  conductor  to  the  required  inclination  by  means  of 
a  lever.  The  cabins  are  so  arranged  that  in  their  position  of  mean 
inclination,  namely  at  the  first  j)latform,  the  fixed  floor  is  practically 
horizontal,  so  that  the  total  change  of  inclination  is  divided  equally 
and  in  opposite  directions  between  the  lower  and  the  upper  portion 
of  the  journey.  The  movable  steps  being  adjusted  by  the  lever 
to  the  horizontal  position  form  an  actual  stairway,  downwards  or 
upwards  according  to  the  direction  of  inclination  of  the  cabin.  The 
seats  and  their  backs  are  rounded,  so  as  to  afford  suitable  support 
to  the  body  in  all  positions  of  the  cabin  on  the  inclined  track. 
The  conductor's  place  is  under  cover,  in  front  of  the  lower  room  of 
the  cabin,  whence  by  the  bandwheel  W,  Figs.  11  and  26,  he  can 
regulate  the  motion  of  the  lift  by  means  of  two  ropes  working  over 
pulleys,  and  controlling  the  lever  L  of  the  water  distributor, 
Fig.  19,  Plate  69  ;  the  controlling  gear  is  shown  in  Figs.  23  to  26, 
Plate  71. 

Water  Distribution. — The  two  ends  of  the  hydraulic  cylinder, 
Fig.  14,  Plate  68,  are  connected  by  a  circulating  pipe  C  of  9  inches 
bore,  at  the  bottom  of  which  is  jjlaced  the  water  distributor  D, 
shown  in  Figs.  19  to  22,  Plates  69  and  70.  For  lifting.  Fig.  22,  the 
water  pressure  is  admitted  into  the  top  end  of  the  cylinder, 
while  at  the  same  time  the  discharge  from  the  bottom  is  opened. 
For  lowering,  Fig,  21,  communication  is  opened  between  the 
top  and  bottom  of  the  cylinder,  so  that  the  pressure  has  access  to 
both  sides  of  the  piston,  and  the  water  simply  passes  from  the 
upper  to  the  under  side  of  the  piston  through  the  circulating  pipe. 
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Wheu  tlic  lift  is  at  rest,  Fig.  19,  no  water  is  either  admitted  or 
allowed  to  circulate. 

The  water  distribution  is  effected  bj  means  of  an  uj)right 
cylindrical  valve-chest  9  inches  diameter  inside.  Plates  69  and  70, 
in  which  works  a  hollow  cylindrical  slide-valve  S,  and  also  on  the 
same  sjjindle  a  double  piston-valve  P  packed  with  cupped-leathers. 
Two  i^airs  of  faciug  ports  in  the  upper  part  of  the  valve-chest  are 
controlled  by  the  slide-valve  S,  and  communicate  respectively  with 
the  pressure  supj^ly  and  through  the  circulating  pipe  with  the 
top  of  the  main  cylinder.  The  double  piston-valve  P  controls  a 
lower  port,  which  communicates  with  the  bottom  of  the  main 
cylinder ;  and  below  the  piston-valve  the  bottom  of  the  valve-chest 
is  left  open  for  the  discharge  of  the  exhaust  water.  "VYhen  the 
double  piston-valve  entirely  covers  the  lower  port,  the  slide-valve- 
at  the  same  time  covers  the  upper  ports,  as  shown  in  Fig.  19 ;  the 
water  cannot  circulate,  and  the  lift  is  stoi)ped  from  moving.  When 
the  valve  is  raised,  Fig.  22,  discharge  takes  place  from  the  bottom 
of  the  hydraulic  cylinder,  while  pressure  is  admitted  to  the  top,  and 
the  cabin  rises.  When  the  valve  is  lowered,  Fig.  21,  the  discharge 
from  the  bottom  is  stopped,  but  the  water  can  circulate  more  or  less 
freely  from  the  top  to  the  bottom  of  the  hydraulic  cylinder  through 
the  interior  of  the  hollow  slide-valve  S ;  and  the  descent  of  the 
cabin  is  effected  by  its  weight,  which  raises  the  movable-pulley 
truck  as  well  as  the  main  piston. 

The  power  required  to  work  the  valve  of  the  distributor  under 
pressure  is  about  8,800  lbs. ;  and  to  save  having  to  do  this  by  hand, 
an  auxiliary  motor  is  attached  to  the  distributor,  Plates  G9  and  70, 
consisting  of  a  piston-valve  V  IJ  inch  diameter,  which  applies 
the  water-pressure  to  an  11-inch  piston  M  fixed  on  the  valve- 
spindle  of  the  distributor.  The  auxiliary  motor  thus  controls  the 
distributor,  just  as  the  distributor  controls  the  main  hydraulic 
cylinder. 

At  each  end  of  its  journey  the  cabin  is  stoj)ped  automatically 
by  means  of  an  ear  or  lip  E,  Fig.  18,  Plate  68,  fixed  on  the  piston 
of  the  main  hydraulic  cylinder,  whereby  the  aperture  of  the  port  in 
either  end  of  the  cylinder  is  throttled  just  as  the  piston  is  reaching 
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the  end  of  its  stroke.  On  the  top  of  the  piston  is  a  small  air-valve 
A,  Fig.  18,  which  is  opened  by  the  pin  X  (Fig.  13)  depressing  its 
tail  when  the  piston  reaches  the  top  of  its  stroke ;  the  air  so 
liberated  escapes  into  the  small  chamber  in  the  cylinder  cover, 
Fig.  13,  whence  it  is  discharged  whenever  required  by  opening  the 
iiir-cock  J.  To  prevent  the  pair  of  long  i)iston-rods  from  sagging, 
they  are  made  to  work  through  a  sliding  spider,  consisting  of  a 
<lummy  jjiston  U  inside  the  cylinder  and  a  sliding  block  B  above, 
which  are  coupled  together  by  a  piston-rod  of  half  the  length  of  the 
anaiu  piston-rods,  Plate  68  ;  the  spider  thus  travels  up  and  down 
through  half  the  length  of  stroke  of  the  working  piston,  being  pushed 
rap  wards  by  the  latter  and  downwards  by  the  movable-pulley  truck. 

Safeti/.— It  was  indispensable  with  this  kind  of  lift  to  provide 
kigainst  possible  breakage  of  the  ropes.  A  safety  brake  with 
.automatic  clutches.  Plates  78  to  75,  has  accordingly  been  applied  to 
the  truck  carrying  the  cabin,  and  also  to  the  counterweight  truck,  the 
principle  being  the  same  in  both  cases.  On  each  side  of  the  cabin 
truck  and  alongside  the  rail  head  are  a  pair  of  sliding  shoes  SS, 
Fig.  36,  facing  each  other  so  as  to  grip  the  rail  head  between  them  ; 
they  are  carried  on  a  separate  lorry  L,  Figs.  34  and  35,  which 
is  hinged  at  Z  to  the  lower  end  of  the  cabin  truck,  Fig.  11.  The 
shoes  are  embraced  by  three  separate  weights  W,  of  which  the  two 
lower  are  free  to  slide  upon  their  centre  rod ;  and  the  shoes  are 
tightened  upon  the  rail  head  by  three  wedges  working  inside  the 
weights.  The  bottom  wedge  is  single,  and  thrusts  upwards  into  the 
underside  of  the  bottom  weight ;  the  tw'o  uj)per  wedges,  intermediate 
between  the  weights,  are  double,  each  thrusting  first  downwards  into 
the  weight  below  it  and  then  upwards  into  the  weight  above.  "When 
•out  of  action,  the  weights  rest  on  the  crossbars  of  the  lorry,  while! 
the  two  upper  wedges  are  withdrawn  by  springs,  and  the  bottom 
wedge  by  the  lever  V,  Fig.  34,  which  is  centred  in  a  lug  projecting 
from  the  bottom  weight ;  the  shoes  then  run  free  with  l-8th  inch 
<;learance  on  each  side  of  the  rail  head. 

The  six  ropes  are  attached  in  three  pairs,  not  direct  to  the  cabin 
iruck  itself,  but  to  opposite  sides  of  three  central  rocking  plates  K, 
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each  of  wliicli  is  mounted  upon  two  axes  fixed  in  the  framework  of 
the  truck,  underneath  the  cabin,  as  shown  in  Figs.  29  to  32,  Plate  73, 
and  in  Fig.  37,  Plate  75.  Two  slots  in  the  plate,  forming  arcs  of 
circles,  allow  of  its  rocking  upon  either  one  of  the  two  axes;  and 
when  it  does  so  through  the  breaking  of  the  rope  on  either  side,  as 
shown  in  Fig.  31,  a  pin  projecting  from  behind  the  plate  and 
working  in  one  of  the  slots  in  a  vertical  slide-bar  B  depresses  the 
bar,  thereby  depressing  also  the  arm  A  of  a  bell-crank  lever, 
Fig.  37,  and  releasing  the  catch  C  which  has  retained  in  a  state  of 
compression  a  set  of  plate-springs  pressing  downwards  on  the  top 
of  the  crossbeam  M,  Fig.  29.  Through  the  lever  V,  Figs.  29  and  3i, 
the  plate-springs  on  liberation  drive  the  bottom  wedge  upwards  into 
the  bottom  weight,  and  tighten  the  shoes  upon  the  rail.  The 
bottom  weight  and  shoes  are  stopped  by  the  friction ;  and  the  descent 
of  the  cabin  still  continuing  brings  the  middle  wedge  and  finally  the 
top  wedge  into  action,  each  wedge  in  its  turn  increasing  the  pressure 
of  the  shoes  on  the  rail.  The  result  is  that  the  cabia  is  stopped  in 
a  few  seconds.  Not  only  breakage  of  a  rope,  but  even  its  mere 
stretching  to  any  unusual  extent,  is  enough  to  bring  the  brake  into 
action  through  this  arrangement  of  rocking  plates  and  connecting 
gear.  After  the  brake  has  been  in  action,  the  safety  apparatus  is 
reset  by  means  of  a  screw  and  hand-wheel  H,  Fig.  37,  by  which  the 
plate-springs  are  compressed  sufficiently  for  the  catch  C  to  be  caught 
and  held  wp  by  the  bell-crank  lever  A. 

Should  all  the  ropes  happen  to  break  simultaneously,  as  soon  as 
ever  the  speed  of  the  falling  cabin  exceeds  ten  feet  per  second  it  will 
at  once  bring  into  action  a  centrifugal  governor,  fitted  within  the 
wheel  K  at  the  top  end  of  each  brake  lorry,  Fig.  11,  as  shown  in 
Figs.  38  to  41,  Plate  75.  The  two  serrated  segments  GG  flying 
apart  with  the  increasing  speed,  one  or  other  of  their  teeth  will  strike 
the  trigger  T,  and  release  the  latch  D,  Fig.  38,  thereby  liberating 
the  helical  spring  P,  which  by  means  of  the  slotted  rod  Q  lifts 
the  arm  N  projecting  from  the  back  of  the  horizontal  shaft  F;  an 
opposite  arm  projecting  from  the  front  of  the  shaft  dej)resses  the 
arm  A  of  the  bell-crank  lever,  and  thus  releases  the  catch  C  and 
liberates   the  plate-springs,  by  which   the   brake  is   then   brought 
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into  action  as  before.  In  ascending  faster  than  ten  feet  per  second, 
the  backs  of  tbe  teeth  in  the  centrifugal  segments  will  merely  trip 
the  trigger  T,  which  is  loose  in  rising,  and  therefore  docs  not  then 
act  upon  the  latch  D. 

The  safety  apparatus,  which  has  never  been  used  before,  has 
been  especially  designed  for  these  tower  lifts  by  Mr.  T.  E. 
Brown,  Jim.,  engineer-in-chief  of  Messrs.  Otis  Brothers  and  Co., 
by  whom  also  the  construction  of  the  lifts  was  designed  and 
superintended. 

Edottx  Lift.     (Plates  76  and  77.) 

The  Edoux  lift  is  widely  employed  in  Paris,  the  most  important 
example  hitherto  constructed  having  been  erected  there  in  1878  in 
one  of  the  towers  of  the  Trocadero  Palace.  The  cylinder  is  vertical 
and  about  230  feet  long,  necessitating  the  excavation  of  a  deep  pit 
to  receive  it.  For  balancing  the  lift  very  large  ropes  are  required, 
inasmuch  as  they  have  to  be  equal  in  weight  to  half  the  volume  of 
water  displaced  by  the  piston. 

In   the  lift   at  the  Eiffel  tower,  between  the  second   and   third 
platforms,  both  the  above  inconveniences  have  been  obviated  by  an 
ingenious  arrangement.     Instead  of  effecting  the  ascent  of  526  feet 
in  a  single  flight,  which  would  have  been  difficult  to  manage  and 
sadly  inefficient,  the  trip  has  been   divided  into  two   equal  flights 
by   a    midway   platform,    Eig.   42,   Plate    76 ;    and    there    is   one 
cabin  for  each  flight.     The  two  cabins  counterbalance  each  other, 
being  connected  by  means  of  four  steel-wire  ropes,  which  pass  over 
j)ulleys  above  the  third  main  platform.     One  cabin  travels  up  and 
down  the  lower  half  of  the  trip,  a  height  of  263  feet,  whilst  the 
other  travels  through  the  same  distance  in  the  upper  half.   Travelling 
in  opposite  directions,  the  two    cabins  thus  meet  and  part  at  the 
midway  platform,  where  the  passengers  brought  up  by  the  lower 
cabin  change  into   the  upper  cabin,  in  which  they  comjilete  their 
upward  trip  to  the  third  main  platform ;  while  those  brought  down 
by  the  upper  cabin  change  into  the    lower  for  descending  to  the 
second  platform. 
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Tlie  two  cabins  are  botli  guided  by  one  central  vertical  column 
extending  tlirough  the  whole  526  feet  height  of  the  lift;  and  also  by 
two  smaller  columns,  each  of  which  is  half  this  height,  one  rising 
from  the  second  main  platform  to  the  midway  platform,  and  the  other 
from  the  midway  platform  to  the  third  main  platform.  The  upper 
cabin  is  carried  on  two  hydraulic  rams  of  12 '60  inches  diameter, 
working  in  cylinders  HH  of  14*96  inches  diameter,  Plate  76.  To 
shelter  them  from  the  action  of  the  wind,  the  rams  are  arranged 
to  work  within  the  upper  guiding  columns,  within  which  also 
work  the  ropes  that  carry  the  lower  cabin.  The  cylinders  and  rams 
are  of  steel  plate  riveted,  except  a  portion  of  the  length  of  the 
rams,  which  is  made  of  cast  iron,  in  order  to  obtain  the  extra 
weight  necessary  for  lifting  the  suspended  cabin  with  its  passengers. 
The  bottoms  of  the  hydraulic  cylinders  hardly  protrude  below  the 
floor  of  the  second  main  platform. 

Balance. — The  sectional  area  of  each  ram  is  124  square  inches, 
or  248  square  inches  for  the  two  ;  and  their  weight  is  42,330  lbs. 
Supposing  the  lower  or  suspended  cabin  to  be  empty  and  to  balance 
only  the  dead  weight  of  the  upper  cabin,  and  that  the  latter  be 
loaded  with  8,800  lbs.  weight  of  passengers,  then  in  starting  from 
the  midway  platform  the  pressure  required  under  the  rams  to 
correspond  with  the  unbalanced  load  should  be  equal  to  42,380 
-[-  8,800  =  51,130  lbs.  The  water  being  supplied  by  a  reservoir 
526  feet  above  the  bottom  of  the  cylinders  gives  a  pressure  of 
228  lbs.  per  square  inch  at  starting.  On  the  combined  area  of 
the  two  rams  the  total  pressure  accordingly  amounts  at  starting 
to  228  X  248  =  56,550  lbs. ;  and  the  difference,  or  56,550  -  51,130 
=  5,420  lbs.,  represents  friction  and  loss  of  head.  As  the  rams 
rise  out  of  the  cylinders,  their  weight  increases  while  the  head 
diminishes  ;  but  the  balance  is  maintained  by  the  increasing  length 
of  the  ropes  on  the  other  side. 

Safety. — The  four  ropes  weigh  together  53f  lbs.  per  foot,  or 
53|  X  526  =  28,270  lbs.  for  the  total  height.  Their  net  sectional 
area  is  about  15 J  square  inches.     Taking  the  weight  of  the  lower 
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caLiu  full  of  passengers  at  18,740  lbs.,  the  maximum  load  to  bo 
supportctl  by  the  ropes  is  28,270  +  18,740  =  47,010  lbs.  or 
21  tous,  wliile  their  aggregate  breaking  strength  is  upwards  of 
500  tons.     Ilcnec  the  apparatus  is  perfectly  safe. 

Baclcman  BraJce. — In  order  to  dispel  all  misgivings,  the  Backman 
brake,  Figs.  43  to  46,  Plate  77,  will  be  applied  on  each  side  of  the 
suspended  cabin.  In  this  plan  a  drum  D  turning  on  a  vertical 
spindle  works  up  and  down  within  each  guiding  column  G  of  the 
lower  cabin,  like  a  long-pitch  screw  in  its  nut,  being  threaded 
helically  so  as  to  gear  with  a  corresponding  helical  rib  H  formed 
round  the  inside  of  the  column.  Round  the  drum  thread  are  spaced 
a  set  of  four  rollers  E  running  on  the  rib,  which  enable  the  drum 
to  accompany  the  cabin  uj)  and  down  with  scarcely  any  resistance. 
The  top  of  the  drum  is  turned  conical,  to  fit  into  a  corresponding 
hollow  cone  C  turned  in  a  bracket  attached  to  the  cabin.  Should 
the  cabin  fall,  it  would  quickly  overtake  the  drums,  because  the 
latter  have  to  run  down  their  helical  paths,  while  the  cabin  is  falling 
vertically  ;  the  cones  then  coming  into  contact  would  cause  friction 
enough  to  stop  the  drums  from  rotating  ;  and  the  drums  being  thus 
locked  in  the  columns  would  sui)port  the  cabin  and  prevent  its 
falling  further. 

Pumps. 

"Water  under  pressure  is  the  only  motive  power  combining  the 
precision  and  the  ease  of  management  required  for  lifts ;  and 
accordingly  all  the  Tower  lifts  are  worked  by  water,  which  is 
supplied  by  pumps  placed  in  the  bottom  of  the  south  pier,  Fig.  47, 
Plate  77.  Those  by  which  the  four  ground  lifts  are  fed  pump  the 
water  through  a  pipe  of  9*84  inches  diameter  into  two  cylindrical 
tanks,  each  9  feet  10  inches  diameter  and  23  feet  long,  placed  on  the 
second  platform.  The  two  tanks  are  connected  together  by  a  pipe 
19  "69  inches  diameter,  from  which  four  branches  are  led  down 
to  supply  the  cylinders  at  the  foot  of  each  pier.  On  leaving 
the  cylinders,  the  water   returns   through   underground  pipes  into 
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the  feed  tank  at  the  south  pier,   whence  it  is  pumped   anew   into 
the  upper  tanks. 

The  Edoux  lift  is  supplied  by  two  "Worthingtou  pumps,  which 
deliver  the  water  into  a  tank  9 '84  feet  diameter  and  13  feet  deep, 
placed  on  the  third  i:)latform,  Plate  7G.  A  similar  tank  on  the 
intermediate  platform  receives  the  discharge  water,  so  that  the  pumps 
take  their  water  from  a  height  of  656  feet  and  deliver  it  to  a  height 
of  918  feet.  The  cast-iron  pipes  are  made  extra  strong  to  resist  so 
great  a  pressure. 

Work  Doxe  anb  Consumption  of  Water. 

Each  of  the  Eoux  lifts  consumes  1,925  gallons  of  water  per  trip, 
or  the  two  together  3,850  gallons.  Each  Otis  lift  consumes  1,728 
gallons  per  trip,  or  the  two  together  3,456  gallons.  The  four  lifts 
together  consume  therefore  7,306  gallons  in  one  minute,  since  each 
of  them  takes  one  minute  for  the  ascent;  this  is  equal  to  121-8 
gallons  per  second. 

The  difference  of  level  between  the  pumping  tank  at  the  south 

pier  and  the  sujiply  tanks  on  the  second  platform  is  about  443  feet, 

after   adding   the   loss    of   head.     The  power  absorbed  during  the 

ascent  of  the  four  lifts  from  the  ground  level  is  thus  equivalent  to 

7306  X  10  X  443         oon   t  i  i  r\nn  i 

33000 ~  980-7  horse-power,  or  say  1,000  horse-power. 

The  Edoux  lift  consumes  31-69  gallons  per  second.  The 
difference  of  level  between  the  two  tanks,  adding  the  loss  of  head, 
may  be  estimated  at    393-7  feet,  which  will  give  for   the   power 

^    ,  .     ^,                    .31-69  X  fiO  X  10  X  393-7        „^„  , 
exerted  m  the  ascent 33>00 ~  horse-power. 

The  combined  power  thus  amounts  to  over  1,200  horse-power, 
which  however  is  in  reality  exerted  only  at  intervals,  namely  at  the 
times  of  the  ascents,  that  is  to  say  for  about  one-fifth  of  the  time 
occupied  in  making  the  complete  trip  up  and  down.  The  power  is 
accumulating  in  the  tanks  during  the  stoppages  and  descents,  and 
consequently  less  than  300  horse-power  is  required  to  be  developed 
continuously  by  the  pumps. 

The  Eoux  lifts  consuming  3,850  gallons  of  water  j)er  trip  take 
for  their  twelve  trips  per  hour  3,850  x  12  =  46,200  gallons  per  hour. 
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The  Otis  lifts  consume  3,45G  gallous  per  trip,  or  for  tlicir  eight 
trijjs  per  hour  3,45 G  X  8  =  27,048  gallons  per  hour.  The  total 
quantity  of  water  required  is  therefore  73,848  gallons  per  hour, 
or  20*5  gallons  per  second,  to  feed  the  four  lifts  ascending  from 
the  ground. 

The  two  pumps  furnishing  this  supply,  Fig.  47,  Plate  77,  each 
deliver  11  gallons  per  second  at  their  ordinary  speed,  and  at  a 
higher  sjieed  are  capable  of  supplying  18  gallons  per  second.  The 
steam  cylinder  employed  to  work  each  pump  has  the  Wheelock 
valve-gear,  and  is  23*6  inches  diameter  with  a  stroke  of  3i  feet ;  it 
works  direct  a  horizontal  double-acting  jdunger  on  the  Girard  plan, 
11*4  inches  diameter.  These  engines  were  constructed  at  the 
Quillacq  works  at  Anzin. 

The  two  Worthington  pumps  for  the  Edoux  lift  are  driven  by  two 
tandem  compound  cylinders,  Fig.  47,  Plate  77.  Together  they  supply 
9*68  gallons  per  second  at  their  ordinary  speed,  corresponding 
with  a  consumption  of  34,862  gallons  per  hour.  The  volume  of 
water  required  for  each  ascent  is  the  product  of  the  joint  area  of 
the  two  rams,  or  248  square  inches  or  1-72  square  foot,  multiplied 
by  the  height  of  the  half-lift  or  263  feet ;  it  is  therefore  453  cubic 
feet,  or  2,825  gallous.  The  total  volume  consumed  for  the  twelve 
ascents  made  in  an  hour  is  therefore  only  2,825  x  12  =  33,900 
gallons. 

A  range  'of  four  Collet  safety  boilers  is  placed  underground 
at  the  south  pier.  Fig.  47,  Plate  77,  near  the  steam  pumps.  Each 
boiler  is  capable  of  generating  3,300  pounds  of  steam  per  hour  at  a 
pressure  of  140  lbs.  per  square  inch.  Three  boilers  are  sufficient 
for  driving  the  pumps  in  full  work  :  the  fourth  is  kept  in  reserve. 


I 


July  1889,  EIFFEL   TOWEE  LIFTS.  365 


Discussion. 

M.  Eiffel,  wliose  remarks  were  kindly  translated  by  M.  Briill, 
Past-President  of  the  Societe  des  Ingenieurs  Civils,  said  that,  in 
dealing  with  the  results  of  the  actual  working  of  the  lifts,  which  had 
not  yet  been  got  to  work  at  the  time  of  preparing  the  paper  just  read, 
he  purposed  enlarging  upon  the  points  most  likely  to  be  criticised, 
inasmuch  as  criticism  was  more  valuable  to  the  engineers  of  such 
works  as  these  than  unqualified  approval. 

With  respect  to  the  pumping  machinery,  its  working  was  giving 
complete  satisfaction,  alike  in  the  case  of  the  Wheelock  engines 
constructed  at  the  Quillacq  Works  at  Anzin,  and  in  that  of  the 
Worthington  pumps.  The  same  was  true  of  the  Collet  multitubular 
boilers,  which  somewhat  resembled  the  Belleville  boilers.  There 
was  also  a  very  light  and  compact  high-speed  engine  of  60  HP., 
driving  a  dynamo  for  electric  lighting,  and  made  by  MM.  Sautter 
Lemonnier  and  Co.,  which  thus  far  was  giving  good  results. 

The  Eoux  Combaluzier  and  Lepape  lift  was  giving  almost 
complete  satisfaction ;  it  was  working  well,  and  was  easily  kept 
in  order.  The  only  objection  that  could  be  made  against  it  was 
that  it  was  rather  noisy ;  the  chains  of  jointed  rods  running  in  the 
guide-trunks  made  more  or  less  noise,  which  was  augmented  by 
the  resonance  of  the  hollow  trunks  themselves ;  but  as  the  lift  was 
working  in  the  open  air  and  at  an  exhibition,  the  noise  did  not 
matter  much  there,  though  in  a  house  or  other  closed  building  it 
could  not  be  used  in  its  present  form  on  this  account.  It  possessed 
a  great  advantage  in  the  fact  that  not  only  was  it  rendered  absolutely 
safe  by  the  very  mode  of  its  construction,  so  that  no  fall  could 
I)ossibly  occur,  but  also  its  safety  was  apparent,  and  all  who 
saw  it,  however  ignorant  they  might  be  of  mechanical  engineering, 
felt  satisfied  that  they  were  in  a  sort  of  carriage  not  very  different 
from  what  they  were  accustomed  to.  It  was  therefore  largely  used 
by  the  public,  who  manifested  no  apprehension  in  regard  to  its 
safety.  It  was  intended  to  carry  100  persons  at  once,  and  had  often 
done  so,  making  with  this  full  load  twelve  double  journeys  in  an 
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Lour ;   the   pair  of  lifts   thus   enabled  2,400   persons  per  Lour  to 

ascend  to  tLe  first  platform  witL  great  safety. 

TLc  Otis  lift  was  well  known,  not  only  in  tLc  United  States,  Lut 
also  in  England,  and  was  beginning  to  be  adopted  on  tLe  Continent. 
It  had  tLc  great  merit  of  being  so  silent  in  working  tLat  it  could 
scarcely  be  Leard  at  all ;  and  its  motion  was  remarkably  smootL.     It 
was  giving  great  satisfaction,  notwitLstanding  a  miscalculation  as  to 
its  carrying  capacity.     It  Lad  been  intended  to  raise  fifty  persons  at 
a  time,  at  tLe  LigL  speed  of  394  feet  per  minute  ;  but  tLe  number  of 
passengers  Lad  not  exceeded  forty  at  a  time.     At  first  tLe  number 
Lad  been  only  tLirty,  but  as  tLc  working  Lad  improved  it  Lad  now 
risen   to   forty,   and  would  perLaps  rcacL  forty -five.     One   of  tLe 
principal  reasons  of  tLis  ditference  was  tLat  tLe  weigLt  of  tLe  cabins 
was  considerably  greater  than  Lad  been  anticipated,  and  consequently 
required  Leavicr  counterweigLts  also ;  wLile  at  tLe  same  time  tLere 
was  some  deficiency  of  working  pressure,  wLicL  Le  wisLed  Lad  been 
met  by  a  ratLer  larger  diameter  of  tLe  Lydraulic  cylinders.     An 
improvement  however  would  shortly  be  effected,  by  doing  away  with 
the  upper  cabin  of  eacL  lift,  and  replacing  it  by  an  imj^erial,  so  as  to 
diminisL  tLe  dead  weigLt  of  tLe  cabin.     As  soon  as  tLis  was  done  Le 
expected  tLe  lift  would  give  entire  satisfaction  to  tLe  public,  as  well 
as  to  all  concerned  in  its  working,  by  tLe  smoothness  and  silence  of 
its  motion.     TLe  steeper  inclination  of  tLe  track  between  tLe  first 
and  second  i^latforms,  approaching  the  vertical  near  tLe  top,  presented 
a  diflSculty  wLicL  it  had  at  first  been  tLougLt  of  meeting  by  some 
mode  of  balancing  tLe  cabin  on  jointed  rods,  so  tLat  its  floor  sLould 
remain  always  nearly  horizontal.    It  was  soon  seen  however  that  any 
such  plan  would  involve  a  considerable  amount  of  complication  ;  and 
the  next  idea  therefore  was  to  keep  the  floor  alone  horizontal,  instead 
of  the  whole  cabin  itself.     For  this  purpose  the  floor  had  at  firsi 
been  constructed  in  a  series  of  segments  forming  an  inclined  plane, 
which  were  severally  kejit  horizontal  by  a  mechanical  adjustment,  so 
that  they  then  formed  a  sort  of  staircase  when  the  cabin  tilted  either 
way  from  its  mean  position.     Thus  in  quitting  the  lift  at  the  top  or 
bottom  of  its  journey,  there  was  a  staircase  to  descend  or  ascend 
respectively.     In  practice  this  plan  had  not  answered,  and  had  been 
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attended  Tvith  serious  .inconvenience  ;  the  steps  were  not  steady 
enough  to  feel  safe  to  the  passengers,  who  also  could  not  stand 
firm  upon  them,  and  ran  the  risk  of  being  thrown  over  by  their 
adjustment  during  the  travel  of  the  lift.  Ultimately  it  had  been 
found  better  to  do  away  with  these  adjustable  steps,  and  substitute 
a  plain  fixed  flooring,  with  a  few  cross  strips  of  wood  for  affording 
a  foot-hold  when  it  sloj^ed  u])  or  down  as  the  lift  tilted  one  way  or 
the  other. 

The  Edoux  lift,  from  the  second  to  the  third  i)latform,  had  a  pair 
of  cabins  working  vertically  and  balancing  each  other.  Its  general 
working  was  giving  satisfaction,  and  the  motion  being  very  smooth 
and  free  from  jolts  was  highly  appreciated  by  the  public.  As  the 
lift  rose,  and  the  view  through  the  framework  of  the  tower  became 
more  and  more  extensive,  the  sensation  was  just  the  same  as  that 
of  going  up  in  a  balloon ;  the  motion  was  so  steady  that  none  of 
the  passengers  had  experienced  any  giddiness  or  alarm.  When 
carrying  the  full  complement  of  63  persons,  the  speed  was  less  than 
had  been  desired  ;  instead  of  177  feet  per  minute  as  intended,  it  was 
scarcely  108  feet.  The  number  of  persons  who  wanted  to  go  to  the 
top  of  the  tower  was  much  larger  than  had  been  reckoned  upon ; 
and  this  reduction  in  the  carrying  power  of  the  lift  was  therefore  all 
the  more  disappointing ;  had  the  lift  admitted,  almost  all  the  visitors 
to  the  tower  would  have  gone  up  to  the  top.  At  the  present  time 
there  was  consequently  some  inconvenience  from  the  number  of 
passengers,  who  had  to  wait  long  for  their  turn ;  but  improvement 
was  daily  taking  place,  and  last  Sunday  as  many  as  4,200  persons 
had  been  taken  up  in  seven  or  eight  hours  ;  a  much  greater  number 
he  hoped  would  yet  be  carried  in  the  time.  The  deficiency  in  power 
was  perhaps  due  to  not  having  allowed  enough  for  loss  of  head  in 
the  water  pipes,  which  in  some  places  were  of  too  small  diameter. 
Moreover  the  same  pipe  which  rose  from  the  pumps  to  the  distributor 
on  the  midway  platform  was  continued  upwards  to  the  upper  tank 
on  the  top  platform,  so  that  the  hydraulic  rams  when  rising  were 
supplied  with  water  not  only  by  the  pumps,  which  still  continued 
working  and  were  then  forcing  an  ascending  column  of  water  up 
direct  to  the  distributor,  but  at  the  same  time  also  by  the  descending 
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water  from  the  upper  tank.  There  were  thus  two  opposite  currents 
iu  the  same  vertical  pii)e,  one  upwards  and  the  other  downwards, 
which  encountered  each  other  at  the  point  where  they  both  had  to 
enter  the  right-angled  bend  leading  to  the  distributor ;  and  the  result 
must  certainly  be  a  serious  loss  of  head.  It  would  probably  be  found 
advisable  either  to  increase  the  diameter  of  the  pipes  leading  to  the 
distributor,  or  else  to  carry  the  rising  main  from  the  pumps  right 
up  to  the  top  tank  at  once,  and  not  to  the  distributor  at  all,  and  to 
supply  the  latter  direct  from  the  top  tank  alone,  so  as  to  obviate  the 
inconvenience  of  the  two  opposite  currents  meeting  each  other. 
With  this  exception,  the  lift  was  a  very  good  one  ;  it  was  particularly 
safe,  because  its  safety  was  provided  for  in  more  ways  than  one.  In 
the  first  place  there  were  two  independent  cylinders  and  rams,  so 
that  no  accident  to  either  would  afi'ect  the  other.  Secondly  the 
ropes,  in  consequence  of  having  to  balance  the  increasing  weight  of 
the  rams  as  the  latter  rose  out  of  their  cylinders,  were  made  much 
larger  than  would  be  requisite  for  merely  carrying  the  weight  of  the 
loaded  cabins.  There  were  accordingly  four  steel-wire  ropes  for 
connecting  the  cabins,  and  their  aggregate  breaking  strength  was 
500  tons.  As  a  still  further  jirecaution  it  had  been  thought 
necessary  to  provide  also  the  small  special  brake  described  in  page 
362 ;  but  as  here  applied  this  had  not  been  found  satisfactory  in 
working,  because  the  connection  of  the  cabin  with  the  screwed  drum 
working  inside  the  guiding  column  necessitated  an  open  slot  running 
all  down  one  side  of  the  column  ;  and  the  rollers  round  the  revolving 
drum,  as  they  successively  crossed  the  slot,  produced  a  series  of 
unpleasant  bumps  which  tended  to  twist  and  bend  the  drum,  and 
rendered  it  a  disadvantage  in  regard  to  safety,  instead  of  an 
advantage.  This  objection  was  going  to  be  obviated  by  doing  away 
altogether  with  the  rollers  round  the  drum,  and  letting  the  external 
thread  on  the  drum  rub  direct  uj^on  the  internal  thread  in  the 
column,  like  an  ordinary  screw  in  a  nut.  The  brake  itself  however 
was  really  of  little  practical  value,  in  view  of  the  great  margin  of 
safety  already  secured  by  the  excessive  strength  of  the  ropes,  which 
moreover  were  made  in  duplicate,  so  that  if  one  pair  failed  the  other 
pair  would  still  be  sufficient  to  support  the  cage. 
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Wliile  thus  pointing  out  tlie  improvements  yet  desired  and  the 
slight  imperfections  at  present  met  with,  he  wished  to  say  that  on 
the  whole  the  lifts  were  working  satisfactorily  and  with  great 
regularity. 

Mr.  William  Frank  Hall,  representing  the  makers  of  the  Otis 
lift,  believed  that  as  a  piece  of  engineering  work  the  lift  in  the  Eiffel 
tower  was  entirely  unique.  With  regard  to  the  statement  that  the 
lift  was  carrying  only  about  forty  persons,  instead  of  fifty  as  intended, 
he  explained  that  owing  to  a  misunderstanding  there  was  a  deficiency 
of  Ig  atmosphere  in  the  working  pressure  available  upon  the  1,134 
square  inches  of  piston  area.  The  lift  was  now  carrying  an  average 
of  forty  persons  besides  the  two  conductors,  and  had  actually  carried 
forty-six,  representing  an  efficiency  as  a  machine  of  about  80  per 
cent.,*  of  which  in  that  extraordinary  work  there  was  reason  to  be 
proud.  The  question  of  speed  when  carrying  that  load  had  not  been 
raised ;  it  was  entirely  satisfactory. 

The  provision  made  for  adjusting  the  steps  forming  the  gangway 
in  the  cabins  had  been  found  in  practice  to  be  unimportant.  Before 
the  elevators  were  in  operation  it  had  appeared  to  him  that  the 
difference  in  inclination  would  be  serious  and  objectionable  ;  but  as 
shown  in  practice  at  the  present  time  it  was  not  objectionable  at  all. 
The  feeling  of  unsteadiness  referred  to  by  M.  Eiffel  arose  from 
the  play  in  the  mechanism,  which  could  not  well  be  avoided.  The 
passengers  were  always  impatient  to  arrive  at  their  destination  and 
to  get  out  of  the  elevator,  and  would  step  upon  the  inclined  floor 
before  the  car  stopped,  thereby  rendering  it  difficult  for  the  conductor 
to  adjust  the  inclination.  The  original  plan  had  therefore  been 
abandoned,  and  a  fixed  gangway  substituted,  which  relieved  the  car 
of  700  lbs.  weight ;  and  as  the  unbalanced  weight  of  each  car 
was  even  then  more  than  4,000  lbs.,  this  saving  was  an  important 
consideration. 


*  In  a  test  made  by  M.  Eiffel  on  Stli  July  of  the  Otis  lift  in  the  north  pier, 
it  lifted  to  the  second  platform  a  load  of  7,550  lbs.,  or  fifty  persons  averaging 
151  lbs.  each,  showing  an  efficiency  of  81  "7  per  cent. 
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These  elevators  Lad  been  subjected  to  the  most  thorough  testing. 
Each  car  with  its  accessories  made  up  a  weight  of  nearly  24,000  lbs. 
when  empty ;  this  ho  considered  was  far  too  heavy,  but  the  cars 
were  not  made  by  his  firm.  Each  car  was  loaded  with  73  cwts.  of 
pig  iron,  and  raised  SO  or  4.0  feet  from  the  ground.  In  the  test  of 
the  car  in  the  north  pier,  the  wire-ropes  were  dieconnected  and 
hempen  ropes  attached,  which  at  a  given  signal  were  cut  and  the  car 
was  allowed  to  drop.  It  descended  between  11  and  12  feet  before 
the  compound  brakes  acting  upon  the  rails  overcame  the  momentum 
of  the  mass ;  and  then  the  car  was  arrested  without  any  shock 
whatever,  not  even  cracking  the  glass  in  the  cabin  windows.  That 
was  a  test  which  had  been  made  before  the  committee  of  the 
Exhibition  who  were  in  charge  of  the  works.  It  was  entirely 
satisfactory  to  find  so  ponderous  a  body  falling  to  the  extent  of  only 
11  or  12  feet  and  then  gradually  stopping.  In  a  similar  test  made 
by  the  same  committee  of  the  other  car  in  the  south  pier,  the  cabin 
stopped  in  eight  inches  without  any  shock,  the  safety  apparatus 
having  been  adjusted  to  stop  it  in  that  short  distance.  Although 
there  had  been  no  misgiving  in  his  own  mind  as  to  the  efficiency  and 
safety  of  the  lift,  he  believed  that  those  who  witnessed  the  test  were 
a  little  uneasy. 

The  President  asked  for  an  explanation  as  to  the  deficiency  of 
IJ  atmosphere  in  the  pressure  available  for  working  the  lift. 

Mr.  Hall  explained  that  his  firm  had  purposed  bringing  into  use 
here  a  plan  which  they  had  generally  adopted  in  America  for  large 
offices  and  other  buildings  where  there  was  a  varying  duty,  namely 
to  pump  the  water  into  a  closed  tank  for  working  the  lift,  instead  of 
into  an  open  tank ;  and  it  was  intended  that  the  closed  tank  should 
contain  compressed  air  of  1^  atmosphere  pressure,  which  would  have 
enabled  the  lift  to  carry  fifty  persons  easily.  In  their  recommendation 
as  to  pumping  power  they  had  suggested  the  use  of  a  Worthington 
direct-acting  pump,  which  would  have  enabled  the  compression  of 
the  air  to  be  perfectly  controlled  ;  but  in  the  concession  by  the 
government  to  M.  Eiflel  it  had   been  stipulated  that  all  material 
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entering  into  tlie  construction  of  the  tower  sliould  be  of  Freucli 
manufacture.  The  consequence  had  been  that  a  French  fly-wheel 
pump  was  used,  which  did  not  admit  of  sufficient  control  being 
exercised  over  the  pumping,  and  there  was  danger  of  the  air- 
pressure  being  exceeded.  It  had  therefore  been  impossible  to  make 
a  satisfactory  trial  of  the  compressed-air  plan,  and  the  lifts  had 
to  be  worked  by  the  hydraulic  head  alone,  without  the  addition  of 
1^  atmosphere  of  compressed  air  as  intended  when  the  machines 
were  constructed.  As  however  the  machines  were  constantly 
improving  in  their  working,  he  believed  that  in  three  or  four 
weeks'  time  they  would  be  carrying  fifty  persons  besides  the 
conductors,  without  the  extra  1^  atmosphere  of  pressure. 

The  Peesident  asked  for  some  further  explanation  as  to  the  way 
in  which  the  safety  clutch  came  into  operation  in  the  Otis  lift.  On 
the  previous  day  he  had  gone  up  in  the  lift,  and  had  observed  only 
the  slightest  sensation  produced  in  changing  the  angle  of  inclination. 
It  was  not  at  all  disagreeable,  and  the  seats  were  comfortably  shaped 
at  the  back,  so  that  only  a  slight  additional  pressure  was  felt,  or  a 
little  relief,  according  as  the  lift  was  ascending  or  descending. 

Mr.  J.  E.  FuRMAN,  one  of  the  engineers  in  charge  of  the 
construction  of  the  Otis  lifts  at  the  Eiffel  tower,  explained  that  each 
of  the  three  pairs  of  oscillating  plates  to  which  the  ropes  were 
attached  underneath  the  lift  was  held  central  in  the  regular  working 
by  the  equal  pull  of  the  pair  of  ropes  attached  to  it  on  opposite 
sides.  If  either  roj)e  stretched  more  than  the  other,  or  broke,  the 
'  oscillating  plate  was  tilted  out  of  centre  towards  one  side  or  the 
other ;  and  the  ellij)tical  safety-springs,  being  thereby  liberated, 
acted  through  the  connecting  levers  upon  the  wedges  of  the  safety 
clutches,  and  caused  these  to  grip  the  rail  between  them  with  a  force 
increasing  so  rapidly  as  to  stop  and  hold  the  lift  within  a  very  short 
distance  of  fall. 

Mr.  Druitt  Halpin  considered  the  means  taken  to  test  the  Otis 
lift,  as  described  by  Mr.  Hall,  were  a  very  necessary  precaution.     In 
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some  passenger  lifts  which  he  was  liaving  constructed  for  carrying 
large  numbers  of  persons,  though  not  on  so  large  a  scale  as  at  the 
Eiffel  tower,  he  was  taking  one  precaution  which  he  hoped  would  be 
useful,  whether  novel  or  not.  Instead  of  releasing  the  lift  in  the  way 
described,  by  lashing  it  up  at  a  particular  place  with  ropes  and  then 
cutting  the  ropes,  it  was  specially  fitted  with  releasing  gear,  which 
could  be  tripped  at  any  point.  When  loaded  with  pig  iron  to  its  full 
load,  it  would  be  run  down  at  full  speed,  and  tripped  at  any  place 
desired,  whereby  the  cfiSciency  of  the  safety  apparatus  would  be 
thoroughly  tested. 

Mr.  R.  E.  B.  Crompton  said  a  point  of  great  importance  had  been 
touched  upon  by  M.  Eiffel  in  his  statement  that  there  had  been  a 
loss  of  expected  head  of  water  for  working  the  Edoux  lift  on  account 
of  the  interference  of  the  two  currents,  one  descending  from  the 
storage  tank  at  the  top  of  the  tower,  and  the  other  rising  direct  from 
the  pumps  themselves.  This  was  interesting  to  electrical  engineers 
who  had  tried  to  explain  electrical  conditions  by  hydraulic  analogy  ; 
for  that  analogy  appeared  to  fail  in  this  special  case.  Electrical 
engineers  were  accustomed  to  supplement  their  supply  of  energy 
derived  directly  from  the  source  of  power — the  steam  engine  or  other 
motor — by  means  of  accumulators ;  and  it  was  actually  found  that 
there  was  no  loss  of  head  whatever  in  any  part  of  the  circuit  when 
those  two  supplies  met  in  the  conductor,  and  when  they  were  used, 
according  to  the  French  expression,  "  in  derivation."  But  with 
water  it  appeared  in  this  particular  instance  there  was  such  a 
loss ;  and  it  therefore  appeared  that  water  could  not  be  used  from 
accumulators  at  the  same  time  that  it  was  being  used  from  the  motor 
itself  or  the  direct  source  of  supply,  without  a  loss  of  eflSciency  in 
comparison  with  the  efficiency  realised  when  using  water  from  one 
source  only.  This  was  a  consideration  which  directly  affected 
hydraulic  transmission,  and  should  be  taken  note  of  in  that 
connection. 

Mr.  Arthur  Paget,  Vice-President,  suggested  that  the  reason 
why  one  current  of  electricity  impinging  upon  another  did  not  cause 
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much  loss  of  power,  whereas  if  one  current  of  water  impinged  upon 
another  it  caused  a  considerable  loss  of  power,  might  probably  be 
rendered  more  intelligible  by  carrying  the  illustration  a  little  further, 
and  imagining  one  current  of  thick  treacle  or  heavy  tar  impinging 
upon  another,  when  there  would  naturally  be  a  still  greater  loss  of 
power.  The  difference  in  viscosity  and  weight  or  momentum  and 
inertia  between  water  and  thick  treacle  or  heavy  tar  was  probably 
not  so  great  as  the  difference  in  viscosity  and  momentum  and  inertia, 
or  in  want  of  power  of  fluid  flow  and  of  facility  for  sudden  changes 
of  the  directions  and  speeds  of  flow,  between  water  and  electricity. 

Mr.  Ceompton  was  afraid  the  matter  was  not  to  be  explained  in 
so  simple  a  way  j  he  wished  it  could  be.  Electricity  appeared  to  be 
not  a  material  substance  like  water  or  treacle,  but  a  state  or  condition 
of  matter  ;  and  an  electrical  current  was  the  transmission  of  that  state 
of  matter,  and  not  a  current  of  matter  itself. 

Mr.  Hall  said  that  in  a  great  many  of  the  Otis  lifts,  where  the 
water  had  to  be  pumped  up  direct  into  the  storage  tank  at  top,  it  was 
the  practice  for  the  supply  pipe  from  the  tank  down  to  the  cylinder 
to  be  used  also  as  the  rising  main ;  and  he  had  noticed  no  material 
loss  of  power.  When  j)umping  into  the  open  storage  tank  at  an 
elevation  of  100  feet,  for  instance,  a  large  pipe  was  carried  up  from 
the  pump  to  the  head  of  the  cylinder,  and  an  air  chamber  was  there 
formed  of  6  or  8  feet  more  of  pipe,  closed  at  the  further  end ;  and 
from  the  cylinder  head  the  pipe  was  continued  upwards,  but  about  a 
foot  to  one  side,  up  to  the  top  tank.  Less  than  half  the  supi)ly  for 
working  the  lift  was  drawn  from  the  top  tank,  the  rest  being  supplied 
by  the  pump  direct.  If  there  had  been  any  material  loss  of  power  in 
this  mode  of  working,  it  would  certainly  have  been  noticed  during 
the  fifteen  years  it  had  been  in  use  ;  but  it  had  never  been  brought 
to  his  attention  as  of  any  moment  whatever. 

The  President  enquired  whether  any  difference  had  been  found 
between  pumping  into  an  open  storage  tank,  with  an  air-vessel  at 
the  cylinder  head,  as  now  described,  and  pumping  into  a  closed  tank 
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at  top,  according  to  the  plan  already  mentioned  for  getting  the  extra 
pressure  that  had  been  intended  for  the  lift  at  the  Eifi'cl  tower. 

Mr.  Hall  replied  that  he  had  never  found  any  difference.  In 
Xew  York  city  there  were  five  thousand  elevators,  for  all  of  which 
the  water  had  to  be  supplied  to  the  top  storage  tank  by  pumping. 

The  President  asked  whether  the  ascending  pipe  was  always 
made  to  serve  as  the  descending  pipe  also. 

Mr.  Hall  said  not  alwnys,  but  often,  especially  where  there 
were  large  plants  and  two  hydraulic  cylinders  placed  side  by  side. 
The  plan  of  compressing  the  air  in  a  closed  storage  tank  was  not 
one  in  common  use  ;  it  was  intended  only  for  individual  cases,  as  at 
the  tower,  or  as  in  the  Produce  Exchange  at  New  York,  where  there 
were  nine  passenger  elevators  carrying  25,000  people  a  day.  As 
there  were  3,000  members  at  the  Exchange,  there  was  a  great  rush 
at  ten  o'clock  and  two  o'clock,  and  the  lifts  often  carried  thirty  or 
forty  persons ;  the  pressure  in  the  tanks  was  accordingly  increased 
perhaps  20  or  25  lbs.  per  square  inch  shortly  before  those  times. 
The  demand  ceased  in  half  an  hour,  and  then  the  ordinary  service 
went  on  without  the  compressed  air. 

Mr.  Schonhetder  pointed  out  that  the  same  plan  of  using  only  a 
single  pipe  was  generally  prevalent  for  the  supply  of  towns  with 
water,  where  the  ascending  main  was  made  to  serve  also  as  the 
descending  main.  The  water  being  pumped  through  the  main  into 
the  reservoir  was  sometimes  flowing  up  into  the  reservoir,  and 
sometimes  back  from  the  reservoir  to  the  houses,  according  to  the 
requirements  of  the  supply ;  and  it  ajipeared  to  him  impossible  that 
any  loss  could  take  place  in  that  plan. 

In  preference  to  any  arrangement  for  tilting  the  floor  of  the  Otis 
lift  during  its  ascent  and  descent  in  the  Eiffel  tower,  he  considered 
it  would  be  much  better  to  keep  the  floor  perfectly  horizontal 
throughout  the  journey.  The  arrangement  for  doing  so  seemed  so 
obvious  that  he  wondered  why  it  had  not  been  adopted.     If  instead 
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of  only  one  pair  of  rails  at  the  back  of  tlie  lift,  witli  four  wheels 
running  on  them,  there  were  two  pairs  of  rails,  back  and  front — the 
back  pair  for  carrying  wheels  fixed  on  the  back  bottom  corner  of  the 
cage,  while  a  pair  of  wheels  on  the  front  top  corner  of  the  cage  ran 
upon  the  front  j)air  of  rails,  of  slightly  different  curvature  from  the 
back  rails — the  arrangement  would  be  as  simple  as  at  present,  and 
the  effect  would  be  that  the  cage  would  travel  with  its  floor 
perfectly  horizontal  all  the  way. 

For  the  pumping  arrangements  there  were  two  distinct  kinds  of 
l)umping  engines,  the  Wheelock  and  the  Worthington ;  and  as  they 
were  both  worked  from  the  same  boilers,  it  would  be  interesting  if 
experiments  could  be  made  with  regard  to  their  relative  consumption 
of  fuel. 

Mr.  FuRMAx  explained  that  the  principal  reason  for  not  adopting 
the  plan  suggested  for  keeping  the  car  always  level  was  the  great 
additional  cost  it  would  have  involved,  as  it  would  have  been 
necessary  to  have  an  additional  rail  in  front  of  the  car  and  an 
additional  girder  to  carry  the  rail.  The  weight  of  the  car  would 
also  have  been  greatly  increased  by  the  balance  gear  which  would 
then  have  been  required. 

Sir  James  N.  Douglass,  Vice-President,  asked  whether  any 
observations  would  be  made  with  regard  to  the  rigidity  of  the 
magnificent  structure  in  which  these  lifts  were  working,  and  as  to 
the  amount  of  its  vibration  under  different  wind  pressures.  This  was 
a  matter  of  great  importance  not  only  for  lofty  buildings  generally, 
but  for  many  other  erections ;  and  here  was  now  an  admirable 
opportunity  for  ascertaining  the  exact  vibration  of  such  a  structure 
under  the  various  wind  pressures  to  which  it  must  be  exjiosed.  The 
subject  was  one  that  had  received  attention  in  many  directions,  in 
regard  to  bridges  and  other  structures.  In  lighthouse  towers  he  had 
himself  observed,  by  means  of  a  plumb  line  suspended  from  the  top, 
that  the  oscillations  were  not  rectilinear,  forwards  and  backwards, 
but  followed  more  or  less  an  oval  course  in  plan ;  and  if  any 
vibration  was  detected  in  the  Eiffel  tower  he  believed  it  would  be 
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found  to  partake  of  that  rotary  character.  No  doubt  M.  Eiffel  had 
had  this  matter  under  his  consideration,  and  would  bo  sure  to  give  it 
his  best  attention,  for  which  English  engineers  would  hereafter  have 
to  thank  him. 

Mr.  Benjamin  A.  Dobson,  Member  of  Council,  wished  also  to 
ask  whether  any  observations  had  been  made  with  regard  to  the 
effect  of  the  sun's  heat  upon  the  south  side  of  the  tower,  and  whether 
there  was  any  difference  in  the  perpendicularity  of  the  structure 
during  the  heat  of  the  day  and  during  the  cool  of  the  evening.  He 
had  heard  it  asserted  that  a  difference  in  inclination  had  been 
observed  in  the  tower  during  those  periods. 

M.  Eiffel  replied  that  there  had  as  yet  been  no  opportunity  for 
making  any  observations  on  the  stability  or  vibration  of  the  tower, 
the  whole  time  having  hitherto  been  occuj)ied  in  the  completion  of 
the  structure  itself.  The  effect  of  wind  pressure  had  been  calculated, 
and  the  conclusion  had  been  arrived  at  that  the  deflection  produced 
by  a  pressure  of  20  lbs.  per  square  foot  would  be  about  6  inches  at 
the  top  of  the  tower.  No  gale  so  violent  had  yet  been  experienced, 
but  strong  winds  of  8  to  10  lbs.  pressure  had  already  occurred,  under 
which  no  movement  had  been  perceived.  With  gales  blowing 
56  miles  an  hour,  such  as  had  frequently  occurred,  the  oscillations  of 
the  top  of  the  tower  were  wholly  imperceptible ;  even  when  leaning 
against  the  railing  no  horizontal  tremor  could  be  felt.  A  slight 
vertical  tremor  alone  was  felt  when  the  lift  was  coming  up.  The 
workmen  engaged  in  the  erection  of  the  tower  had  not  felt  any 
movement  during  the  strongest  gales.  This  was  not  surprising, 
inasmuch  as,  although  the  leverage  was  so  great,  yet  the  amplitude 
of  the  vibrations  must  be  too  small,  and  their  period  too  long,  for 
them  to  be  felt  more  than  in  the  minutest  degree.  Arrangements 
were  now  being  made  for  endeavouring  to  measure  the  oscillations 
that  must  occur ;  he  had  tried  a  telescope,  but  had  not  succeeded  in 
observing  any  movement  with  certainty,  and  was  accordingly  having 
a  seismograph  put  up,  by  which  he  hoped  any  oscillations  would  be 
rendered   perceptible.      The   instrument    would    consist    of    three 
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sensitive  levers  like  pendulums,  vibrating  in  three  planes  at  right 
angles  to  one  another,  two  of  the  planes  being  vertical  and  one 
horizontal ;  and  the  levers  would  record  their  vibrations  upon  three 
corresponding  cylinders  revolving  on  axes  in  the  same  planes.  Just 
as  the  top  of  a  poplar  tree  described  more  or  less  of  a  circle  under 
the  action  of  the  wind,  so  he  anticipated  that  the  movement  at  the 
top  of  the  tower  would  be  found  to  take  an  oval  course,  as  was  the 
case  in  almost  all  such  vibrations  ;  the  same  held  true  also  in  bridge 
vibrations,  which  described  an  ellipse  more  or  less  elongated. 

In  regard  to  variation  of  temperature,  no  effect  had  been  observed 
to  be  produced  thereby,  notwithstanding  that  great  differences  had 
occurred  between  the  temperature  at  the  bottom  of  the  tower  and 
that  at  the  top. 

Eespecting  electricity  likewise  there  was  nothing  to  report.  This 
was  just  what  he  had  been  given  to  understand  beforehand,  as  most 
electricians  agreed  there  would  not  be  much  to  observe,  because  the 
mass  of  the  tower  was  so  great,  and  its  connection  with  the  earth  so 
perfect,  that  no  electrical  phenomena  could  occur.  In  some 
interesting  experiments  recently  made  on  the  connection  of  the 
tower  with  the  earth,  the  observer  had  been  so  surprised  to  find  no 
resistance  that  he  was  led  to  believe  there  must  be  some  error  in  the 
observations ;  subsequently  however  he  had  satisfied  himself  that 
there  was  no  such  error,  and  that  it  was  really  the  fact  that  there 
was  no  resistance  at  all.  The  tower  was  indeed  a  perfect  reservoir 
of  electricity ;  and  it  seemed  very  likely  therefore  that  hardly  any 
electrical  phenomena  could  be  observed.  It  was  certain  the  tower 
must  have  been  struck  aloft  in  thunderstorms  which  had  already 
occurred,  but  no  one  had  been  aware  of  it ;  and  he  had  heard  the 
remark  made  that  any  one  up  in  the  tower  at  such  a  time  would 
certainly  be  struck,  but  would  not  feel  that  he  was  so.  He  was 
also  reminded  by  M.  Ansaloni  that  a  thunderstorm  had  been 
seen  all  round  the  towei",  while  at  the  tower  itself  there  was  none ; 
and  on  another  occasion  a  thunderstorm  approaching  the  tower 
had  ceased  on  reaching  it,  but  had  resumed  its  activity  after  passing 
out  of  its  reach.  Thus  the  tower  certainly  produced  a  neutralising 
effect  upon  the  storms,  which  were  rendered  imperceptible  on  the 
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structure    itself;   aud    consequently   no   electrical   plienomena  Lad 
been  observed  upon  it. 

The  President  was  sure  tbc  Members  would  join  in  thanking 
M.  Ansaloni  for  his  description  of  the  lifts,  the  merits  of  which  they 
would  have  an  opportunity  of  appreciating  during  their  visit  to  the 
tower  on  Friday ;  and  also  in  thanking  M.  Eiffel  for  his  interesting 
supplementary  information  on  the  subject.  The  discussion  had  been 
a  valuable  one,  and  had  elicited  information  by  which  they  would  all 
profit.     lie  proposed  a  hearty  vote  of  thanks  to  both  gentlemen. 
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THE  ETHER-PKE3SURE  THEORY  OF  THERMODYNAMICS 
APPLIED  TO  STEAM.* 


By  Mr.  J.  MACFARLAXE  GEAY, 

Mejibee  of  Council  of  the  Institution  of  Naval  Architects. 


In  1880  and  again  in  1885  papers  were  read  by  the  author 
before  this  Institution  *  u2>ou  the  same  subject  with  which  he  now 
deals.  In  the  latter  paper  it  was  mentioned  that  he  could  not 
then  reconcile  the  Ether-Pressure  Theory  and  the  Second  Law  of 
Thermodynamics  with  the  then  universally  accepted  view  of  what 
non-perfect  gas  is.  Since  that  date  he  has  discovered  that  that 
view  of  gas  is  what  has  to  be  modified ;  and  then  the  second  law 
stands  in  perfect  harmony  with  the  ether-pressure  theory.  In  the 
present  paper  he  is  unable  to  give  all  the  details  of  the  investigation  ; 
and  as  he  is  arranging  to  read  papers  on  the  same  subject  before 
other  institutions,  he  thinks  it  best  to  give  here  only  a  popular 
introduction  to  the  ether-pressure  theory,  and  an  account  of  what 
the  form  of  the  theta-i)hi  diagram  now  is  (page  411).  As  his  first 
paper  on  this  subject  was,  at  his  req[uest,  not  included  in  the 
Transactions,  it  will  be  necessary  now  to  run  over  the  introduction 
then  given,  only  altering  it  to  conform  with  his  present  views. 

Ether-Pressure  is  an  idea  as  old  as  Greek  science ;  and  Newton 
believed  it  to  be  the  cause  of  gravitation,  but  he  did  not  publish  any 
theory  about  it,  "  because  he  was  not  able  from  experiment  and 
observation  to  give  a  satisfactory  account  of  this  medium,  and  of  the 
manner  of  its  operation  in  producing  the  chief  phenomena  of  nature."| 

*  This  paper  was  read  to  the  Institution  of  Xaval  Architects  on  11th  April 
1889,  and  is  here  reproduced  with  their  concurrence,  and  by  permission  of  the 
author,  by  •whom  it  has  also  been  further  revised  for  the  purpose,  as  well  as 
abridged  by  the  omission  of  the  portions  which  necessarily  recur  in  his  subsequent 
paper  on  the  Rationalization  of  Regaault's  Experiments  on  Steam  (page  399). 

t  Sec  Appendix,  pages  391-398. 
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Since  the  close  of  tlic  terrestrial  chapter  of  Newton's  life,  the 
modern  theory  of  thermodynamics,  the  atomic  theory  of  chemistry, 
the  kinetic  theory  of  gases,  the  science  of  electricity  and  magnetism, 
the  iindulatory  theory  of  light,  the  spectroscope,  and  the  telephone 
have  all  been  won  by  human  thought.  We  are  therefore  today  in 
a  much  better  position  for  theorising  on  physical  phenomena  than 
Newton  was.  The  author  believes  that,  if  Newton  had  with  these 
advantages  attempted  the  problem  upon  which  he  has  himself  been 
occupied  so  many  years,  he  would  have  solved  it  completely  in  as 
many  days.  ^ 

Etlier-Prcssure. — The  view  according  to  which  the  investigations 
referred  to  in  this  paper  have  been  prosecuted  is,  that  every  physical 
phenomenon  is  the  immediate  result  of  the  pressure  of  an  invisible 
and  impalpable  universal  molecular  ether  upon  the  external  surfaces 
of  the  molecules  of  ordinary  matter.  The  pressure  of  the  ether 
must  be  many  millions  of  tons  upon  the  square  inch.  To  produce 
gravitation,  Maxwell  tells  us  that  "  if  the  ether  is  molecular,  the 
grouping  of  the  molecules  must  remain  of  the  same  type,  the 
configuration  of  the  groups  being  only  slightly  altered  during  the 
motion."  In  the  author's  paper  in  1880  was  given  a  long  quotation 
from  Locke's  "  Essay  on  the  Human  Understanding,"  in  which  he 
refutes  the  ether-pressure  theory,  as  then  understood,  on  the  ground 
that,  although  such  a  pressure  might  prevent  two  bodies  from  being 
piilled  apart  in  a  direction  normal  to  their  surface  of  contact,  it 
could  not  i)revent  them  from  being  slid  the  one  upon  the  other,  and 
so  separated  in  a  direction  parallel  to  that  surface.  It  was  not  then 
known  to  the  author  that  Locke  and  Newton  were  intimate  friends  : 
this  he  now  knows,  and  therefore  he  now  regards  that  quotation 
as  being  probably  not  altogether  Locke's  objection  to  the  ether- 
pressure  theory,  but  really  the  only  published  statement  of  Newton's 
difiSculty.  The  difficulty  as  there  stated  is  entirely  overcome  when  the 
ether  is  considered  to  consist  of  separate  particles  of  matter,  each 
particle  very  much  smaller  than  the  atoms  of  the  substances  known 
to  the  chemist,  but,  however  small,  still  in  magnitude  bearing  a 
significant  ratio  to  them. 
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In  elementary  tliermodynamics  it  is  proved  that,  if  a  body  is  in 

the  form  of  a  gas,  its  particles  flying  to  and  fro  in  all  directions, 

then — if  the  magnitude  of  the  particles  be  neglected,  that  is,  if  they 

be  regarded  as  mathematical  points,  but  yet  really  physical  points, 

possessing  impenetrability  and  the  inertia  property  which  characterises 

matter  as  different  from  space — the  energy  E  of  the  to-and-fro  motion 

must  be  numerically  one  and  a  half  times  the  arithmetical  product 

of  the  pressure  p  multiplied  by  the  volume  v.     Each  of  such  inertia 

points  must  therefore  have  on  the  average  a  j^lay-space  v  numerically 

equal  to  two-thirds  of  the  quotient  of  its  energy  E  divided  by  the 

of' 
pressure  p  per  unit  of  area,  ov  v  =  -  -:  '  Call  the  particles  of  the 

3ther  ethids,  to  distinguish  them  from  the  atoms  and  molecules  of 

ordinary   matter ;    and    let   the   ethids    be   considered    as    minute 

spherules.     The   same   relation   v  =  ^-  ^   must  hold  good  for  the 

ethids  as  for  the  molecules  of  a  gas.      What  is  the  effect  of  the 

2  7'' 
spherule  magnitude  in  modifying  the  expression  v  =  -  -?      It  is 

3  p 

evident  that  the  volume  denoted  by  v  must  be  the  dynamic  volume 
only,  namely  that  traversed  by  the  centres  of  the  ethids. 

To  make  explanation  simpler,  let  the  molecule  of  a  gas  be 
regarded  as  having  the  form  of  a  rectangular  prism,  say  it  is  a  minute 
brick  of  matter.  At  first  let  it  be  thought  that  the  brick  is  battered 
by  the  ethids  always  at  the  same  spots,  and  let  there  be  at  each  of 
these  spots  a  hollow  or  cup,  so  that  the  ethids  when  in  collision 
with  it  have  their  centres  in  the  plane  of  the  rectangular  surface  of 
the  brick.  The  formula  v  =  ~!  -  refers  to  the  space  traversed  by 
the  centres  of  the  ethids :  so  that  it  is  evident  that  the  effective 
volume  of  the  brick  in  the  ether  is  that  which  includes  these  cups ; 
and  when  two  of  these  cupped  bricks  arc  brought  together,  the 
effective  volume  of  the  pair  will  be  just  the  sum  of  their  volumes 
singly.  If  the  cups  were  planed  off  the  two  sides  which  are  to  be 
brought  into  contact,  the  effective  volume  of  the  pair  when  in  contact 
would  then  be  less  by  that  amount  than  the  sum  of  their  volumes 
singly.  If  however  the  cups  were  planed  off  all  the  sides  of  the 
bricks,  their  effective  volumes  singly  would  be  just  the  same  as 
before,  because  the  course  of  impact  of  each  ethid  would  terminate 
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at  the  same  point  as  before.  And  when  tlie  two  bricks  are  in 
contact  at  one  jjair  of  sides,  the  total  effective  volume  is  just  as  much 
reduced  as  it  was  in  the  previous  case.  The  total  effective  volume  of 
two  molecules  of  matter  in  the  ether  is  therefore  less  when  they 
lie  in  contact  than  when  they  are  apart. 

In  his  first  paper  the  author  gave  the  names  for  these  volume 
differences,  to  which  he  will  still  adhere.  The  point  at  which  the 
centre  of  an  ethid  is,  when  in  contact  with  a  molecule,  is  called  the 
meta,  meaning  turning  point.  Meta  was  the  name  of  the  turning 
post  in  the  Eoman  circus ;  and  he  has  elsewhere  shown  that  it  stands 
in  that  sense  in  the  naval  architect's  word,  mcta-centre.  The  surface 
which  would  contain  all  the  metas  is  called  the  meta-surface ;  it  is  at 
a  distance  from  the  surface  of  the  molecule  equal  to  the  radius  of  an 
ethid.  The  space  between  the  meta-surface  and  the  matter-surface 
of  the  molecule  is  called  the  meta-film  of  the  molecule.  The  meta- 
volume  of  a  molecule  is  the  volume  including  the  meta-film.  The 
matter- volume  of  a  molecule  is  the  volume  exclusive  of  the  meta-film. 

Gravitation. — The  pressure  of  the  ether  is  the  immediate  cause  of 
gravitation.  From  this  we  can  arrive  at  a  measure  of  what  the 
differences  of  ether-pressure  must  be  as  a  minimum.  How  mucJi 
greater  than  that  minimum  they  may  be  cannot  at  present  be 
determined.  We  know  that  matter  can  be  at  least  as  dense  as 
platinum.  Say  that  a  bar  of  platinum,  one  inch  square  in 
section  and  equal  in  length  to  the  earth's  equatorial  diameter  of 
7,926  miles,  is  going  round  the  sun  on  the  earth's  orbit,  with  its 
length  always  radial  to  the  sun's  centre.  The  effective  ether 
appulsion  which  produces  the  curvature  of  its  path  is  104  tons  ui)on 
the  square  inch.  [The  calculation  is  as  follows,  taking  92,000,000 
miles  as  the  radius  of  the  orbit,  and  1,34:2  lbs.  as  the  weight  of  a  cubic 
foot  of  platinum.  Effective  ether  appulsion  or  centriijetal  force  in  tons 
=  ■tJ-  "  ;  where  u-  =  square  of  velocity  in  orbit  in  feet  per  second 

/    circumference  of  orbit    \2  ,^  .„         ,r,^f-    n^    ■< 

=  lii^^iul^in^ueTeYoluti^j     =  (2  ^  &  "  (365-25  days  m  a  year 

X  86,400  seconds  in  24  hours)- ;  and  r  =  radius  of  orbit  in  feet  = 

92,000,000  miles  x  5,280  feet  in  a  mile ;  and  g  =  accelerating  force 
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of  gravity  =  32 '  2  feet  iu  a  second ;  and  w  =  weight  of  platinum 
bar  =  (7,926  miles  x  5,280  feet  in  a  mile  -^  144  feet  length  to  one 
cubic  foot)  X  1,342  lbs.  per  cubic  foot  -^  2,240  lbs.  in  a  ton. 
rri,       ^  o    w  /  2irr  \o   _     M)  /     2  X  3-1416     \2   ^ 

Therefore  v^  -  =  (gs^.^g  ^  ,,^,,,y  X  -  =  [m-^W^SGM)    "" 

92,000,000  X  5,280         7,926  x^2^0  x  1,342  ^  io4-12tons  per  snuare 

32-2  ^  144  X  2,240  ^  ^ 

inch  as  the  centripetal  force  or  effective  ether  appulsion.] 

Ether  Suh-pressiire. — The  ether  pressure  is  diminished  in  the 
neighbourhood  of  any  mass  consisting  of  an  aggregation  of  ethids, 
and  the  diminution  is  directly  proportional  to  the  mass  and 
inversely  proportional  to  the  distance  from  the  mean  centre  of  the 
mass.  This  is  what  is  usually  called  "  potential ;"  it  will  be  here 
called  the  siib-pressure  of  the  ether.  A  diagram  showing  the 
variation  of  the  sub-pressure  along  any  radial  line  is  the  common 
hyperbolic  curve.  It  is  the  slope  of  the  sub-pressure  which  produces 
appulsion.  In  Fig.  9,  Plate  79,  the  distance  downwards  below  tho 
curve  SS  is  the  ether-pressure.  The  upward  distance  between  tho 
curve  SS  and  the  radial  straight  line  EE  represents  the  diminution  of 
pressure,  or  the  sub-pressure.  The  line  of  zero  pressure,  to  the  same 
scale,  is  at  a  great  distance  down,  probably  at  such  a  distance  that 
the  sub-pressure  shown  by  the  distance  between  the  curve  SS  and 
the  line  EE  is  quite  insignificant  iu  comparison  therewith. 

There  is  no  such  action  in  nature  as  that  action  at  a  distance 
which  is  popularly  implied  in  the  word  attraction.  Newton  asserted 
that   there  was  not  any  such  force.*     The  difference  between     _  - 

11  P       2 

and  — ,  —  is        when  p  is  great :   as  is  the  case  when  p  denotes  the 

P^i         p-  .  . 

number  of  times  that  the  length  of  a  molecule  of  matter  is  contained 

in  its  distance  from  the  centre  of  the  sun  or  from  the  centre  of  the 

earth.     This  makes   appulsion  to  vary  inversely  as   the   square  of 

the   distance.      Gravitation   effect   is   the    differential   of  the   ether 

pressure    over   the  surface    of  the  molecule  :  the    differential  of  — 

1  .  \  ^ 

xs  —    .,—  dp,  and  therefore  a  minus  pressure  varying  as  —  becomes 

*  See  Appendix,  pages  395-396. 
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eflfectively  a  centripetal  appulsion  varying  as  — ^ .  If  in  Fig.  9  the 
tangent  to  the  liypcrbolic  curve,  or  the  slope  of  an  element  of  the  curve, 
is  prolonged  to  the  vertical  axis  at  T,  the  line  will  rise  by  just  the 
amount  AT  equal  to  what  the  ordinate  was  at  the  point  E  where  the 
slope  was  fixed.  There  is  a  rise  of  10-4  tons  per  square  inch  on  7,926 
miles  ;  and  the  solar  suh-pressure  at  the  earth — that  is,  the  ordinate 
on  the  earth's  orbit  where  the  slope  is  taken — must  therefore  be 
204:12|^92,000^0^  1^200,000:    that   is,    1}    million    tons   on    the 

square  inch.     The  solar  sub-pressure  at  the  surface  of  the  sun,  whose 

V       •    ^OK  nnn      M                iu     1,200,000x92,000,000  ocn  ron  nr>n 

radius  IS  425,000  miles,  must  be  425000 ~  ~  261,630,000: 

that  is,  say  260  million  tons  on  every  square  inch ;  and  this  is  to  the 

total  pressure  of  the  ether  no  more  than  a  wave  trough  to  the  depth 

of  the  Atlantic. 

As  the  ether  pervades  the  molecular  interstices  of  all  bodies,  the 
pressure  on  any  surface  of  any  molecule  is  nearly  balanced  by  the 
pressure  on  the  opposite  surface ;  and  it  is  only  the  difference  of 
these  two  that  we  can  be  experimentally  cognizant  of.  On  the  earth's 
surface  at  the  equator,  bodies  are  subjected  to  a  pressure  which  is 
more  than  104  tons  per  square  inch  greater  at  midnight  than  at 
midday. 

The  quantity  of  matter  in  a  body  is,  according  to  the  ether- 
pressure  theory,  regarded  as  being  merely  the  meta-volume  or 
effective  volume  of  its  molecules,  irrespective  of  any  consideration 
of  density  ;  that  is,  recognizing  only  volume  and  not  quality  of 
substance.  All  matter  is  regarded  as  being  merely  aggregations  of 
ethids ;  and  the  withdrawals  of  those  ethids  from  the  originally 
uniform  ether  medium  cause  the  medium  to  be  strained  in  the 
direction  of  the  withdrawals,  that  is  radially  towards  the  centres 
of  aggregation.  The  ethids  are  regarded  as  arranged  according  to 
a  permanent  type  of  grouping,  so  that  the  ether  can  be  subjected  to 
different  stresses  in  different  directions  at  the  same  place  ;  in  this 
respect  ether  is  not  like  gas.  Every  spherical  shell  around  a  centre 
of  aggregation  would  therefore  be  compressed  tangentially,  and 
extended  radially  inwards  towards  the  centre ;  that  is,  its  thickness 
would    be  increased   while    its   external    circumference   would    be 
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diminislied.     The  tangential  compression  does  not  affect  the  force 

in    tlae  radial    direction,   but    it   maintains    the   ec[uilibriiim  of   the 

ether.     The  author  does  not  attempt  to  deal  with  the  constitution  of 

the  ether,  or  the  nature  of  the  motion  of  its  ethids ;  he  has  referred 

to  it  merely  to  establish  the  magnitude  of  the  ether  pressure,  and  to 

show  further  on  that  it  is  sufficient  to  account  for  the  disappearance 

of  latent  heat.     Professor   Clerk  Maxwell  and  others  have   shown 

that  such    an  ether   medium  would    be    stable,  and    that    it  would 

account  for  gravitation. 

What    has    now    been    calculated    is    the    solar    sub-pressure. 

Similarly  around   the  earth,   and  extending  out  into  stellar    space, 

there    is    also    a    terrestrial    sub-pressure.       A   bar   of    platinum, 

1  sq[uare  inch  in  section  and  144  feet  in  length,  weighs  1,342  lbs.  at 

the  earth's  surface.     If  placed  vertically,  the  ether  pressure  must  be 

1,342  lbs.  per  square  inch  greater  at  the  top  end  than  at  the  bottom. 

The   slope   of  the   terrestrial   sub-pressure    per   mile   is   therefore 

134-2         5'>80 

22^  ^   jTT  =  21*967,  or  say   22   tons   per   square   inch.       This, 

multiplied  by  3,956,  the  earth's  mean  radius  in  miles,  gives  say  87,000 
tons  per  square  inch  as  the  terrestrial  sub-pressure  of  the  ether  at 
the  surface  of  the  earth. 

The  sub-pressures  of  different  bodies  are  superposed  without 
being  in  the  least  degree  modified  one  by  another.  Every  atom,  as 
it  was  formed  by  aggregation  of  ethids,  produced  its  own  cosmical 
sub-pressure,  by  the  vacation  of  their  play-spaces  and  by  the 
reduction  of  meta-film  by  the  contact  of  surfaces  in  it.  As  atoms 
became  molecules,  and  molecules  concreted  into  blocks,  the  sub- 
pressures  of  each  particle  were  added  together ;  until,  as  in  the  solar 
sub-pressure,  the  total  amounted  to  hundreds  of  millions  of  tons  on 
the  square  inch.  These  rough  calculations  are  given  now,  in  order 
to  make  the  subject  less  hazy  than  when  mere  generalisations  arc 
hesitatingly  mentioned.  These  however  are  merely  minimum  limits  ; 
for,  just  in  the  proportion  that  absolutely  solid  matter  would  be  of 
greater  specific  gravity  than  platinum,  so  must  these  differences  of 
ether  pressures  be  all  increased.  In  approaching  the  Ultimate,  we 
must  never  forget  that  there  is  really  "  no  high,  no  low,  no  great, 
no  small,"  but   in  our  own  thinking;   and   therefore  pressures  of 
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millions,  billions,  or  even  trillions  of  tons  upon  the  square  inch,  on 
every  face  of  every  atom  of  matter,  can  be  just  as  likely  as  not, 
until  the  contrary  is  ascertained  to  be  true.  The  most  stupendous 
forces  dealt  with  by  man,  and  likewise  those  so  much  greater 
revealed  in  physical  astronomy,  may  be,  standing  out  in  this 
ether  pressure,  no  more  than  wavelets  upon  the  surface  of  a  fathomless 
ocean,  whose  interweaving  rijiplcs  make  up  man's  phenomenal 
universe. 

Chemical  Affinitij. — Having,  from  what  is  observed  in  gravitation, 
obtained  a  proof  of  the  enormous  magnitude  of  the  pressure  with 
which  Nature  works  everywhere,  we  ought  to  bo  prepared  to 
find  that,  in  the  aggregation  of  atoms,  the  magnitude  of  cancelled 
meta-film  may  bring  about  the  realisation  of  an  enormous  expression 
of  ether  energy.  It  is  also  obvious  that,  when  a  multitude  of  similarly 
aggregated  atoms  is  brought  into  contact  with  another  multitude  of 
different  atoms,  if  these  are  violently  shaken  together,  the  two  sets 
of  molecules  may  exchange  mates,  if  the  meta-volume  of  the  whole 
mass  can  be  thereby  reduced.  The  atoms  may  have  many  different 
forms,  and  the  smallest  atom  may  not  have  the  smallest  faces. 
This  is  the  explanation  of  chemical  affinity  ;  minimum  meta-film  is 
the  goal  in  every  chemical  action. 

Combustion. — In  the  boiler  furnace,  the  oxygen  and  carbon  atoms 
go  together  with  important  diminution  of  meta-volume  ;  and  the 
energy  of  the  ether  expansion  is  then  in  the  to-and-fro  motion  of 
the  atoms  in  the  molecule.  In  considering  this  to-and-fro  motion  of 
the  atoms,  it  will  be  simpler  to  adhere  to  the  brick  form  of  atom ;  the 
same  reasoning  will  apply  to  many  other  forms.  The  action  is 
illustrated  for  maximum  movement  in  Figs.  1  to  6,  Plate  78.  In 
Fig.  1  the  bricks  A  B  and  C  D  are  just  touching  at  their  B  and  C 
corners,  and  their  total  meta-volume  is  almost  a  maximum.  Let  the 
pair  of  bricks  be  then  at  rest,  except  relatively.  They  are  being 
battered  by  ethids  on  all  sides.  They  therefore  cannot  remain  in 
this  position,  for  the  effective  area  of  the  D  end  is  greater  than  that 
of  the  C  end  by  the  area  of  the  cross-section  of  the  meta-film  on  the 
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B  side  of  C  D  ;  and  similarl;^  for  tlie  ends  A  and  B,  The  pressure 
of  the  ether  on  an  area  equal  to  those  cross-sections  of  meta-film 
propels  the  bricks  together  in  the  direction  of  the  arrows ;  and  the 
section  of  the  meta-film  multiplied  by  the  travel  of  each  brick 
upon  the  other  is  precisely  the  volume  of  meta-film  cancelled  upon 
each  brick.  They  pass  through  phase  2  with  great  accelerity,* 
and  in  phase  3  their  velocity  is  a  maximum.  The  region  of  the 
ether  has  expanded  by  as  much  as  the  meta-volume  has  diminished ; 
and  the  impetus  or  work  done  by  the  ether  in  its  expansion  is  now 
in  the  relative  energy  of  the  bricks.  That  impetus  carries  them  ou 
through  phase  4,  but  now  with  great  decelerity,*  for  they  are  now 
expending  their  energy  in  compressing  the  ether  as  their  meta-volume 
increases.  In  phase  5  they  have  again  attained  their  maximum 
meta-volume,  and  are  relatively  at  rest.  In  phase  6  they  are  again 
approaching  in  the  opposite  direction.  The  ethids  are  supposed  to 
be  grouped  in  a  certain  fashion,  so  that  a  compression  of  the  ether  at 
any  place  provokes  an  increased  local  pressure  there  as  if  it  were 
a  solid  body.  The  efiective  force  therefore  increases  with  the 
compression,  and  in  direct  proportion  to  it  in  such  an  examj^le  as 
that  now  described.  The  reciprocating  motion  would  therefore  be 
isochronous ;  and  the  author  suggests  that  this  is  the  condition  of 
glowing  matter,  as  in  the  sun's  photosphere  or  in  flame  anywhere. 
The  length  of  travel  however  may  be  very  small. 

Badiant  Heat. — Isochronous  vibration  sets  up  that  palpitation  of 
the  ether  which  is  called  radiant  heat ;  and  at  every  stroke  of  the 
reciprocation  less  work  is  done  upon  the  atoms  by  the  ether  than 
was  in  the  preceding  stroke  done  upon  the  ether  by  the  atoms ; 
because  part  of  the  work  done  upon  the  ether  by  the  atoms 
is  passed  on  by  the  ether  immediately  acted  upon  to  the  distant 
regions  of  the  ether.  The  radiant  state  of  gas  is  that  in  which  the 
atoms  of  the  molecules  are  relatively  in  motion.  At  a  lower- 
temperature  the  atoms  are  not  in  relative  motion ;  and  then  the  gas 

*  By  accelerity  is  meant  rate  of  acceleration,  and  by  decelerity  rate  o 
retardaticQ, 
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is  not  radiant,  but  it  can  by  impact  render  radiant  any  solid 
containing  it.  That  is,  tbe  molecules  of  solids  and  liquids  are  in 
continual  reciprocating  motion  upon  each  other,  as  the  two  bricks 
which  have  just  been  described,  but  the  length  of  travel  is  much  less. 

Coliesion. — This  theory  exj^lains  the  cohesion  of  solids.  The 
extension  of  a  solid  within  its  elastic  limit  is  a  minute  sliding  of  all 
its  molecules  upon  each  other  in  the  direction  of  the  pull ;  and  the 
work  done  upon  the  body  in  extending  it  is  really  spent  upon  the 
ether  by  increase  of  meta-film  accompanying  the  extension.  It  is  the 
same  in  compression ;  there  is  still  an  increase  of  meta-film  and  meta- 
volume. 

Latent  Heat. — Where  does  latent  heat  hide  ?  When  boiling 
water  is  evaporated  at  atmospheric  pressure,  say  in  an  open  vessel, 
the  work  done  i;pon  it  over  and  above  the  boiling  heat  is  what  is 
equivalent  to  lifting  the  water  142  miles  high.  The  heat  due  to  the 
steam  as  a  gas  is  about  38  miles  of  this  height ;  and  the  latent  heat 
proper,  or  that  which  is  still  hidden,  is  the  other  104  miles  ;  and 
there  is  perhaps  84  miles  more  for  all  the  heat  which  was  in  the 
water  before  evaporation :  say  22G  miles  altogether.  All  the  work 
of  the  last  two  component  items,  making  188  miles  of  lift,  is  the  heat 
of  segregation  or  splitting  heat ;  and  is  invested  in  the  compression 
o  tne  ether,  by  the  increase  of  meta-film  when  the  water  molecules 
are  parted  from  their  liquid  contact.  The  increase  of  exposed 
molecular  surface  when  one  rain-drop  only  is  evaporated  must 
amount  to  many  square  feet  of  area;  and  in  the  change  of  state 
there  must  be  the  same  amount  of  creation  of  meta-film,  and 
consequently  the  work  of  compression  of  the  ether.  When  these 
particles  come  together  again  in  condensation,  the  previously  hidden 
energy  reappears  as  heat. 

Energy  of  Gas. — According  to  the  notion  of  meta-film  which  has 
now  been  explained,  the  energy  expended  in  raising  the  temperature 
of  a  solid  or  a  liquid  from  absolute  zero  is  accounted  for  by  the 
continually   increasing   amplitude   of    the    relative   motion   of    its 
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contiguous  molecules,  which,  sliding  upon  each  other  reciprocatingly, 
thereby  increase  the  mean  molecular  meta-volume  of  the  substance, 
and  so  compress  the  ether.  When  at  last  the  extent  of  reciprocating 
travel  has  increased  so  much  that  the  molecules  part  company,  the 
initial  step  in  evaporation  has  taken  place  ;  but  the  communication 
of  the  constitutional  energy  of  vapour  at  that  temperature  has  yet  to 
be  effected.  What  this  constitutional  energy  of  gas  is  will  now  be 
considered. 

In  works  on  thermodynamics  it  has  often  been  explained  how  it 
is  that  the  energy  of  translation  in  gas  is  one  and  a  half  times  its 
p  V.  This  is  a  beautiful  flower,  which  every  engineer  should  carry 
in  a  mental  buttonhole.  From  the  following  explanation  it  may  be 
obtained  perhaps  more  easily  than  from  other  published  statements. 

The  rate  per  second  per  square  inch  of  surface  at  which  momentum 
normal  to  that  surface  is  changed  is  the  pressure  per  square  inch 
upon  that  surface  in  poundals ;  dividing  by  g  =  o2'2  gives  the 
pressure  in  pounds  per  square  inch.  If  in  a  gas  the  particles 
and  their  motions  are  uniformly  distributed  throughout  the  volume, 
whether  it  be  uniform  order  or  uniform  confusion,  the  components 
of  the  motions  in  any  volume  will  be  equally  distributed  in  any 
three  rectangular  [directions.  Take  the  components  of  the  motions 
towards  any  element  of  surface  to  be  considered ;  and  in  these 
components  let  there  be  always  a  mass  m  per  unit  volume,  moving 
with  the  component  velocity  u^  normal  to  that  element  of  surface. 
The  component  momentum  of  this  mass  is  always  m  u-^ ;  and  if 
the  particles  are  without  magnitude,  this  mass  m  will  be  delivered 
upon  the  surface  at  the  rate  of  n^  times  per  second  per  square  inch. 
If  the  particles  had  magnitude,  the  rate  of  arrival  of  momentum 
would  be  greater,  because  then  they  would  not  have  to  travel  so  far 
before  they  had  arrived  and  had  to  be  reversed.  The  rate  at  which 
that  momentum  ai:)proaches  the  surface  is  therefore  m  u{^,  regarding 
the  particles  as  without  magnitude.  This  momentum  is  all  reversed 
in  impact.  As  the  difference  between  receiving  a  sovereign  and 
giving  one  away  is  two  sovereigns,  so  the  change  of  momentum  of 
these  particles  in  impact  is  2  m  u^'^  per  second  per  square  inch 
of  surface.      When  this  is  calculated  similarly  for  all  the  lots  of 
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particles  separately,  and  the  siim  of  all  the  various  quantities  of  the 
form  m  itj-  is  found  and  divided  by  the  total  mass  to  per  unit  volume, 
let  the  quotient  be  written  =  u^-.  This  is  called  the  mean  square 
component  velocity,  and  u^  is  the  velocity  of  mean  square 
component.  The  pressure  then,  according  to  the  previous  statement, 
is  j:)  =  2  w  Uq"^,  in  poundals  per  square  inch. 

Now  for  each  of  the  quantities  m  n^-  normal  to  the  surface 
considered,  there  will  be  an  equal  m  with  equal  n^-  normal  to 
each  of  the  six  surfaces  of  the  cube.  The  sum  of  the  squares  of 
the  actual  velocities  is  equal  to  the  sum  of  the  squares  of  the 
component  velocities  for  each  in  making  ujd  the  total  mass  w  per  unit 
volume.  "Write  now  for  the  sum  of  the  masses,  each  multijilicd  by 
the  square  of  its  actual  velocity,  w  u-  =  G  to  %-,  where  u~  is  called  the 
mean  square  velocity,  and  u  is  called  the  velocity  of  mean  squares. 
Since  p  =  2  w  Uq^,  we  have  3  p  =  6  tv  «„-  =  ?(?  u- ;  or  pressure  p 
in  poundals  =  ^^ ;  or  pressure  p  in  pounds  per  square  inch 
=  '*'— .  Now  ID  will  increase  along  with  v  as  the  volume  is  taken 
greater;  therefore  p  i?  =  ^^—.  Now  energy  E  =  ^~  .  Therefore  E 
=  ~ p  v;  or  the  component  energy  in  each  of  the  three  rectangular 
directions  is  ^  j?  v.  If  the  pressure  is  different  in  different  directions, 
as  is  supposed  to  be  the  case  in  the  ether,  the  component  energy  in 
any  direction  must  be  calculated  according  to  the  component  pressure 
in  the  same  direction. 

In  this  statement  there  has  been  no  restriction  about  motions, 
except  impartial  distribution ;  and  the  particles  have  been  considered 
to  be  mathematical  points.  If  the  ether  is  not  continuous  matter, 
this  relation  of  p  v  to  energy  must  apply  also  to  it  when  the 
magnitude  of  the  ethids  is  neglected.  In  any  vessel  containing 
gas  or  steam,  the  gas  would  consist  of  a  multitude  of  molecules 
fairly  distributed  through  a  much  greater  multitude  of  ethids,  and 
the  actual  pressure  would  be  one  common  to  ethids  and  molecules. 
The  apparent  or  effective  pressure  however  would  be  the  excess  of 
that  common  pressure  above  the  external  pressure.  The  actual  p  v 
of  gas  and  ether  would  be  two-thirds  of  the  motion  energy  of  both 
ethids  and  molecules.     The  mean  play-space  of  any  one  ethid,  or  of 
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2  E 
any  one  molecule,  would  be  also  determined  by  the  relation  v  —  ^--■> 

in  wliicb  E  would  be  the  mean  energy  of  that  particle,  and  v  its 

mean  play-space.    Although  the  play-spaces  of  each  particle,  whether 

€thid  or  molecule,  are  interspersed  throughout  the  whole  capacity 

of  the  vessel  containing  them,  there  is  never  any  confounding  of 

play-spaces.       In    order   to    simplify  reasoning,  we   may  therefore 

imagine,  without  ignoring  any  dynamical  necessity,  that  all  the  gas 

molecules  are  collected  at  the  right-hand  end  R  of  a  cylinder,  and 

all  the  ethids  at  the  left-hand  end  L,  as  in  Fig.  7,  Plate  78  ;  and 

we  may  picture  to  ourselves  that  there  is  a  mathematical  piston  M 

between   the  two,  an  impenetrable   movable   mathematical  surface. 

Begin   with   the   molecules  at  absolute    zero  of  temperature :    they 

are  then  without  motion,  and  the   sj)ace   dynamically  occupied  by 

them  is  nil.     Let  energy  now  be  communicated  to  the  molecules  : 

the  gas  assumes  a  dynamic  volume,  and  the  ether  is   comiiressed. 

(The  author  is  here  departing  from  the  rationale  of  this  action  as 

given  in  his  1880  paper;  he  is  regarding  the  ether  now  as  not  bodily 

displaced,  but  only  compressed  in  the  cylinder.)     Whatever  be  the 

modified  velocity  of  the  inner  ethids,  this  is  exchanged  in  imjiact 

for  the  velocity  of  the  external  ethids  at  the  inner  surface  of  the 

cylinder  ;    and  the  modified  velocity  passes  on  at  lightning  speed 

into  free  space.      The   velocity  of  the  inner   ethids   is   therefore 

maintained   at  the  normal  velocity  of  the  external  ethids,  in  any 

state  of  compression  of  play-spaces  ;    that  is,  the  play-spaces  are 

•compressed  with  constant  energy,  and  therefore  with  the  p  v  constant 

for  each  ethid.     The  mathematical  piston  will  have  moved  from  R 

to  M  during  the  compression,  and  the  indicator  curve  of  compression 

will  be  that  for  constant  j>  v,  that  is,  a  common  hyperbola. 

Presmre  of  Gas.  —  The  p  v  of  the  ethids,  which  is  now  jh  ''^3 

in  Fig.  7,  is  in  amount  the  same  as  before,  namely  jh  ^i«     The  total 

J)     is  increased  by  what  is  now  the  p  v  of  the  gas  molecules,  namely 

p^  V.,.     If  we  did  not  know  that  the  ether  is  there,  we  should  think 

that  this  P3  v^  is  the  only  p  v  in  the  cylinder,  and  should  write  it  as 

P2  v^.     The  po  is  the  apparent  pressure,  or  the  excess  above  the 

external  pressure. 

2  L 
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Specific  Heat  at  Constant  Volume. — Now  wliat  is  the  amount  of 

constitutional  energy  rcfiuireJ  by  tlio  gas  molecules  to  bring  them 

from  zero  temperature   to   their   condition  ^3   i'.^?     The  actual  or 

3 
motion    energy   of    tho   molecules    is   ;^  Jh  ^'2  >   ^^^   *^o  work   of 

compression   is,  say  [ p^ -|- f,"  1  Vo.     As  p.j  is   insensibly  minute   in 

comparison  with  2hi  i*  will  lead  to  only  an  insensibly  minute  error 
if  this  work  of  compression  be  regarded  as  equal  to  p.;  tv.  Tho  sum 
of  these — actual  energy  and  compressive  energy — is  therefore  -  ^3  Vo. 
Now  although  this  process  has  been  described  as  one  of  change  of 
volume,  it  has  really  been  all  accomplished  in  a  cylinder  at  constant 
volume,  the  cthids  and  the  molecules  being  uniformly  distributed 
and  interspersed.  This  sum  is  therefore  the  energy  required  for 
increase  of  temperature  at  constant  volume ;  or,  for  the  increase  of 
p  V  hj  itself  under  any  condition,  the  energy  required  is  2^  times 
the  increase  of  j^  v. 

Specific  Heat  at  Constant  Pressure. — When  the  volume  of  gas  is 
increased  at  constant  pressure,  there  must  be  external  work  done 
equal  to  the  increase  of  p  r.  In  that  case  the  statement  of  energy  is 
as  follows : — 

Increase  of  motion  energy  =  1^  times  the  increase  of  p  r. 

Increase  of  molecular  play-spacc  =  1        „  „  „ 

External  work  =  1        „  „  „ 

Total  energy  of  increase  =  oh      „  ,,  „ 

Eatio  of  the  two  Specific  Heats. — The  ratio  of  energy  required 
for  increase  of  p  v  at  constant  jjressure  to  that  required  for  increase 
of  p  V  at  constant  volume  is  therefore  S^-f-  2i  =  1'4.  This  is  the 
number  which  is  generally  denoted  by  the  Greek  letter  y  in  English 
works  on  thermodynamics ;  it  is  generally  given  as  y  =  1  •  408. 
The  latter  figure  is  that  obtained  from  certain  experiments  on 
the  velocity  of  sound  in  air,  for  which  the  formula  U-  =  gyvp 
should  hold,  where  U  is  the  velocity  of  sound  in  air  in  feet  per 
second,  v  the  volume  of  one  pound  of  air  in  cubic  feet,  and  p 
the  pressure  in  pounds  per  square  foot.  More  recent  experiments 
give  1*402,  a  remarkably  close  agreement  of  experimental  results 
with  the  preceding  theoretical  deduction.     In  a  paper  on  Eegnault's 
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Determination  of  the  Specific  Heat  of  Steam,  read  before  tlio 
Physical  Society  on  25  February  1882,  the  author  has  shown  that 
the  specific  heat  of  steam  at  constant  pressure,  required  for  this 
theoretical  ratio  1*4,  is  also  fairly  corroborated  by  Eegnault's 
experiments  on  steam.     (See  following  Paper,  pages  408-411.) 

The  three  deductions  thus  arrived  at  may  be  stated  as  follows : — 
(1)  in  any  change  of  molecular  aggregation  of  matter,  as  from  liquid 
to  vapour  or  gas,  the  splitting  heat  or  energy  of  segregation  is  a 
constant  quantity  at  all  temperatures,  if  the  change  of  aggregation 
is  the  same ;  (2)  the  specific  heat  of  gas  at  constant  volume  is  22- 
times  its  change  of  p  v  ;  (3)  the  specific  heat  at  constant  pressxire 
is  3^  times  its  change  of  j^  ^''  The  word  heat  is  here  used  as 
interchangeable  with  the  word  energy ;  it  is  convenient  to  do  so  in 
such  a  paper  as  this.  When  the  unit  of  volume  is  taken  to  be 
as  many  of  the  ordinary  units  of  volume  as  are  expressed  by  the 
number  denoting  the  mechanical  equivalent  of  heat,  energy  and  heat 
are  expressed  by  the  same  numbers ;  and  the  number  known  as 
Joule's  equivalent,  elsewhere  generally  repeating  itself  in  the 
formulae,  disappears  altogether.  According  to  this  convention, 
which  will  here  be  followed,  unit  p  v  is  the  mechanical  equivalent 
of  the  unit  of  heat. 

Second  Law  of  Thermodynamics.  —  The  Second  Law  of 
Thermodynamics  is  that,  on  a  theta-phi  diagram  (page  413),  for 
every  point  there  is  a  characteristic  state.  The  work  done  over  any 
closed  graph  is  therefore  that  represented  by  the  area  enclosed 
within  it.  If  the  enclosed  area  in  Fig.  8,  Plate  78,  be  divided  up 
into  elements  or  vertical  bands  by  the  dotted  straight  lines  extending 
to  the  base  line,  it  will  be  seen  that  the  work  area  of  any  element  is 
the  area  between  the  higher  and  lower  temperatures  denoted  by  the 
graph,  and  the  heat  expended  on  the  element  is  the  whole  height 
of  the  band  from  the  base  line  up  to  the  higher  temperature,  and 
the  heat  thrown  away  is  the  height  of  the  band  from  the  base  line 
up  to  the  lower  temperature  ;  therefore  the  work  efficiency  of  that 
element  is  the  fraction   which   the  difference  of  the  two  heights 

2  L  2 
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is  of  tLo  whole  LcigLt  of  tlic  Liiml,  tliat  is,  tlie  fraction  wLicli  tbo 
difference  of  tbo  two  temperatures  is  of  tliu  liiglier  temperature. 
This  fraction  is  what  is  known  as  Caruot's  function. 

It  was  while  engaged  in  writing  a  series  of  papers  on  "  Safety 
Valves  and  Steam  iu  Motion,"  in  The  Nautical  Majazine  in  1871, 
that  the  author's  thoughts  became  first  directed  to  the  ether-pressure 
theory.  He  discontinued  the  papers,  as  he  then  believed  for  only 
a  month  or  two,  until  he  could  work  out  the  problem.  It  has  taken 
all  his  private  time  from  that  date  until  now.  His  object  all  along 
has  been  the  simplification  of  thermodynamics  for  engineers.  Those 
who  care  only  for  results,  and  have  no  desire  to  pry  into  the  occult 
arrangements  in  nature  whereby  the  results  are  produced,  may,  if 
they  choose,  ignore  ether-2)rcssurc  altogether,  and  the  simplification 
now  obtained  will  still  hold  good  for  their  use.  The  only  statement 
they  need  accept  is  that  the  heat  of  segregation  is  somehow  a 
constant  at  all  temperatures,  and  that  the  1*4  ratio  of  the  two 
specific  heats  of  air  or  gas  is  merely  a  deduction  from  experiments  : 
they  can  even  refrain  from  putting  the  question,  where  does  the 
latent  heat  hide.  The  author  has  thought  it  best  however  to 
write  this  paper  from  his  own  standj)oint,  and  has  therefore  not 
hesitated  to  i^resent  some  very  startling  statements  about  the 
universe  we  live  in — statements  which  he  thinks  are  well  calculated 
to  provoke  profitable  thinking,  rising  far  above  and  extending 
far  beyond  the  question  of  steam-engine  economy,  in  which  they 
have  had  their  origin.  , . 


APPENDIX. 


The  following  extracts  from  vol.  iv  of  Newton's  works  (Horsley's     ll 
■edition,  1782)   show   how   the   conception  of  a  gravitational  ether 
originated  with  him,  and  in  what  state  he  left  the  theory.  flti 
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28  February  1678-9.  Sir  Isaac  Newton  to  tlae  Hon.  Mr.  Boyle 
(page  394).  "  *  *  *  I  shall  set  down  one  conjecture  more,  which 
came  into  my  mind  now  as  I  was  writing  this  letter  :  it  is  about 
the  cause  of  gravity.  For  this  end,  I  will  suppose  ether  to  consist 
of  parts  differing  from  one  another  in  subtilty  by  indefinite  degrees  : 
that  in  the  pores  of  bodies  there  is  less  of  the  grosser  ether,  in 
proportion  to  the  finer,  than  in  open  spaces ;  and  consequently  that 
in  the  great  body  of  the  earth  there  is  much  less  of  the  grosser' 
ether,  in  proportion  to  the  finer,  than  in  the  regions  of  the  air :  and 
that  yet  the  grosser  ether  in  the  air  affects  the  upper  regions  of  the 
earth,  and  the  finer  ether  in  the  earth  the  lower  regions  of  the  air, 
in  such  a  manner  that,  from  the  top  of  the  air  to  the  surface  of  the 
earth,  and  again  from  the  surface  of  the  earth  to  the  centre  thereof, 
the  ether  is  insensibly  finer  and  finer.  Imagine  now  any  body 
suspended  in  the  air,  or  lying  on  the  earth ;  and  the  ether  being,  by 
the  hypothesis,  grosser  in  the  pores  which  are  in  the  upper  parts 
of  the  body,  than  in  those  which  are  in  the  lower  parts ;  and  that 
grosser  ether,  being  less  apt  to  be  lodged  in  these  pores  than  the 
finer  ether  below,  it  will  endeavour  to  get  out,  and  give  way  to  the 
finer  ether  below,  which  cannot  be,  without  the  body's  descending  to 
make  room  above  for  it  to  go  out  into. 

From  this  supposed  gradual  subtilty  of  the  parts  of  the  ether, 
some  things  above  might  be  further  illustrated,  and  made  more 
intelligible ;  but  by  what  has  been  said,  you  will  easily  discern 
whether  in  these  conjectures  there  be  any  degree  of  probability ; 
which  is  all  I  aim  at.  For  my  own  part,  I  have  so  little  fancy  to 
things  of  this  nature,  that,  had  not  your  encouragement  moved  me 
to  it,  I  should  never,  I  think,  have  thus  far  set  pen  to  paper  about 
them.  What  is  amiss  therefore  I  hope  you  will  the  more  easily 
pardon  in  yours,"  &c. 

17  January  1692-3.  Newton  to  Dr.  Bentley  (page  437). 
"  *  *  *  You  sometimes  speak  of  gravity  as  essential  and  inherent  to 
matter.  Pray  do  not  ascribe  that  notion  to  me ;  for  the  cause  of 
gravity  is  what  I  do  not  pretend  to  know,  and  therefore  would  take 
more  time  to  consider  of  it." 
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25  February  1G92-3.  Newton  to  Dr.  Bcntloy  (page  438). 
"  *  *  *  The  last  clause  of  tlie  second  position  I  like  very  well.  It 
is  inconceivable  tliat  inanimate  brute  matter  should,  without  the 
mediation  of  something  else,  which  is  not  material,  operate  upon 
and  affect  other  matter  without  mutual  contact ;  as  it  must  do,  if 
gravitation,  in  the  sense  of  Epicurus,  be  essential  and  inherent  in  it. 
And  this  is  one  reason  why  I  desired  you  would  not  ascribe  innate 
gravity  to  me.  That  gravity  should  be  innate,  inherent,  and 
essential  to  matter,  so  that  one  body  may  act  upon  another  at  a 
distance  through  a  vacuum,  without  the  mediation  of  anything  else, 
by  and  through  which  their  action  and  force  may  be  conveyed  from 
one  to  another,  is  to  me  so  great  an  absurdity,  that  I  believe  no 
man  who  has  in  philosophical  matters  a  competent  faculty  of 
thinking  can  ever  fall  into  it.  Gravity  must  bo  caused  by  an  agent 
acting  constantly  according  to  certain  laws ;  but  whether  this  agent 
be  material  or  immaterial,  I  have  left  to  the  consideration  of  my 
readers." 

16  July  1717.  Advertisement  II  (page  3).  "In  this  second 
edition  of  these  Opticks  I  have  omitted  the  Mathematical  Tracts 
published  at  the  end  of  the  former  edition,  as  not  belonging  to  the 
subject.  And  at  the  end  of  the  third  book  I  have  added  some 
questions.  And  to  show  that  I  do  not  take  gravity  for  an  essential 
property  of  bodies,  I  have  added  one  question  concerning  its  cause, 
choosing  to  propose  it  by  way  of  a  question,  because  I  am  not  yet 
satisfied  about  it  for  want  of  experiments.     I.  N." 

Question  21  (page  224)  :  referring  to  the  ether.  "  Is  not  this 
medium  much  rarer  within  the  dense  bodies  of  the  sun,  stars, 
planets,  and  comets,  than  in  the  emjity  celestial  spaces  between  them  ? 
And  in  passing  from  them  to  great  distances,  doth  it  not  grow  denser 
and  denser  perpetually ;  and  thereby  cause  the  gravity  of  those 
great  bodies  towards  one  another,  and  of  their  parts  towards  the 
bodies  ;  every  body  endeavouring  to  go  from  the  denser  parts  of  the 
medium  towards  the  rarer  ?  For  if  this  medium  be  rarer  within  the 
sun's  body  than  at  its  surface,  and  rarer  there  than  at  the  hundredth 
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part  of  an  inch  from  its  body,  and  rarer  there  than  at  the  fiftieth  part 
of  an  inch  from  its  body,  and  rarer  there  than  at  the  orb  of  Saturn  ; 
I  see  no  reason  why  the  increase  of  density  should  stop  anywhere, 
and  not  rather  be  continued  through  all  distances  from  the  sun  to 
Saturn,  and  beyond.  And  though  this  increase  of  density  may  at 
great  distances  be  exceeding  slow,  yet,  if  the  elastic  force  of  this 
medium  be  exceeding  great,  it  may  suffice  to  impel  bodies  from  the 
denser  parts  of  the  medium  towards  the  rarer,  with  all  the  power 
which  we  call  gravity.  And  that  the  elastic  force  of  this  medium  is 
exceeding  great  may  be  gathered  from  the  swiftness  of  its  vibrations. 
Sounds  move  about  1,140  English  feet  in  a  second  minute  of 
time ;  and  in  seven  or  eight  minutes  of  time  they  move  about  one 
hundred  English  miles.  Light  moves  from  the  sun  to  us  in  about 
seven  or  eight  minutes  of  time ;  which  distance  is  about  70,000,000 
English  miles,  supposing  the  horizontal  parallax  of  the  sun  to  be 
about  12".  And  the  vibrations  or  pulses  of  this  medium,  that  they 
may  cause  the  alternate  fits  of  easy  transition  and  easy  reflexion, 
must  be  swifter  than  light ;  and  by  consequence  above  700,000  times 
swifter  than  sounds.  And  therefore  the  elastic  force  of  this  medium, 
in  proj^ortion  to  its  density,  must  be  above  700,000  X  700,000  (that 
is,  above  490,000,000,000)  times  greater  than  the  elastic  force  of  the 
air  is  in  proportion  to  its  density.  For  the  velocities  of  the  pulses 
of  elastic  mediums  are  in  a  sub-duplicate  ratio  of  the  elasticities  and 
the  rarities  of  the  mediums  taken  together." 

Question  28  (page  237).  "  ***  And  for  rejecting  such  a  medium," 
a  dense  fluid,  "  we  have  the  authority  of  those  the  oldest  and  most 
celebrated  philosoj)hers  of  Greece  and  Phoenicia,  who  made  a  vacuum 
and  atoms,  and  the  gravity  of  atoms,  the  first  principles  of  their 
philosophy;  tacitly  attributing  gravity  to  some  other  cause  than 
dense  matter.  Later  philosophers  banish  the  consideration  of  such 
a  cause  out  of  natural  philosophy,  feigning  hypotheses  for 
explaining  all  things  mechanically,  and  referring  other  causes  to 
metaphysics.  Whereas  the  main  business  of  natural  philosophy  is 
to  argue  from  phenomena  without  feigning  hypotheses,  and  to 
deduce  causes  from  effects  till  we  come  to  the  very  first  cause  ;  which 


398  ETHEB-PBESSUBE   THEOBY.  JfLY  188?. 

certainly  is  not  mechanical :  and  not  only  to  unfold  tho  mechanism 
of  the  world,  but  chiefly  to  resolve  these  and  such  like  questions. 
What  is  there  in  places  empty  of  matter  ?  and  -whence  is  it  that 
the  sun  and  planets  gravitate  towards  one  another,  without  matter 
between  them  ?  ***  " 

In  Question  31  (page  242).  "  For  it  is  well  known  that  bodies- 
act  upon  one  another  by  the  attractions  of  gravity,  magnetism,  and 
electricity ;  and  these  instances  show  the  tenor  and  course  of  nature^ 
and  make  it  not  improbable  but  that  there  may  be  more  attractive 
powers  than  these.  For  nature  is  very  consonant  and  conformable 
to  herself.  How  these  attractions  may  be  performed,  I  do  not  here 
consider.  What  I  call  attraction  may  be  performed  by  impulse,  or 
by  some  other  means  unknown  to  me.  I  use  that  word  here  to 
signify  only  in  general  any  force  by  which  bodies  tend  towards  one 
another,  whatsoever  bs  the  cause.  For  we  must  learn,  from  the 
phenomena  of  nature,  what  bodies  attract  one  another,  and  what  are 
the  laws  and  properties  of  the  attraction,  before  we  enquire  the 
cause  by  which  the  attraction  is  performed." 

In  Question  31  (page  261).  "  To  tell  us  that  every  species  of 
things  is  endowed  with  an  occult  specific  quality,  by  which  it  acts 
and  produces  manifest  efiects,  is  to  tell  us  nothing :  but  to  derive 
two  or  three  general  principles  of  motion  from  phenomena,  and 
afterwards  to  tell  us  how  the  properties  and  actions  of  all  corporeal 
things  follow  from  those  manifest  priucijjles,  would  be  a  very  great 
step  in  philosophy,  though  the  causes  of  those  principles  were  not 
yet  discovered  :  and  therefore  I  scruple  not  to  propose  the  principles 
of  motion  above  mentioned,  they  being  of  very  general  extent,  and 
leave  their  causes  to  be  found  out." 
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THE  EATIONALIZATION  OF 
EEGNAULT'S  EXPERIMENTS  ON  STEAM. 


By  Mr.  J.  MACFARLANE  GRAY,  of  Loxdox. 


In  a  "^aper  *  read  before  tlie  Institution  of  Naval  Arcliitects  ou 
11  th  April  of  the  present  year,  the  author  has  endeavoured  to  deduce 
the  two  following  thermodynamical  principles  (page  393)  from 
Newton's  cosmical  hypothesis  of  a  corpuscular  gravitational  ether : — 

1.  In  any  change  of  molecular  aggregation  of  matter,  as  from 
liquid  to  vapour  or  gas,  the  splitting  heat  or  energy  of  segregation 
is  a  constant  quantity  at  all  temperatures,  if  the  change  of 
aggregation  is  the  same. 

2.  The  heat  or  energy  communicated  to  a  gas,  to  change  its  pv 
product  (pressure  x  volume)  by  any  small  amount,  is  for  constant 
volume  2^  times  its  change  of  pv,  and  for  constant  j^ressure  3^^  times 
its  change  of  j)i'. 

The  Eationalization  which  he  now  offers  of  the  results  obtained 
in  Eegnault's  Experiments  on  Steam  consists  in  demonstrating  how 
the  inter-relation  of  these  results  can  be  deduced  from  the  above 
principles  and  from  the  Second  Law^  of  thermodynamics,  without  the 
assumption  of  any  arbitrary  constants. 

For  the  purpose  of  the  present  paper  it  will  not  be  necessary  t» 
refer  again  to  the  ether-pressure  theory.*  The  two  principles  already 
enunciated  are  themselves  sufficiently  fundamental  to  make  the 
investigation  interesting;  and  to  go  deeper  would  require  more  time 
than  can  be  given  to  this  paper  at  the  present  meeting.  The  author 
remembers  having  been  shown  during  the  first  Paris  Meeting  of  this 
Institution  in  1867  the  apparatus  used  by  Eegnault,  then  preserved 
in  the  Conservatoire  des  Arts  et  Metiers  ;|  and  it  is  as  a  tribute  of 
respect  to  Eegnault  that  he  has  proposed  to  read  this  paper  in  Paris, 
where  those  immortal  experiments  were  carried  out  and  so  generously 
given  to  all  nations. 

*  See  preceding  page  379.      f  See  page  404,  and  also  discussion,  pages  452-453* 
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The  meanings  of  certain  terms  employed  in  tlie  paper  are  slightly 

cliffercnt  from  tliose  commonly  given  to  them  ;  ttesc  will  be  explained 

as  they  arc  introduced. 

Ifeat,  as  a  phenomenon,  is  the  sensible  aspect  of  molecular  motion. 

Heat,  as  a  quantity,  is  the  constitutional  energy  of  molecular  motion 
expressed  in  terms  of  a  standard  unit. 

p  =  pressure  in  any  unit. 

V  =  volume  in  such  a  unit  that  the  unit  of  the  pv  product  (pressure 
X  volume)  denotes  the  thermodynamic  unit  both  of  heat  and 
of  energy. 

$  =  absolute  temj)erature  centigrade,  the  temperature  of  melting  ice 
being  0  =  273"  centigrade  absolute.  Throughout  the  paper 
absolute  temperature  will  be  adhered  to,  unless  when  quoting 
from  Eegnault. 

i  =  temjjerature  centigrade  according  to  the  common  scale,  which 
starts  from  the  melting  point  of  ice  as  zero. 

•Centigrade  scale  and  common  logarithms  will  alone  be  employed  in 
this  paper. 

Unit  of  Heat  is  that  quantity  of  constitutional  molecular  energy 
which  is  mechanically  equivalent  to  the  variation  of  the  jw 
product  for  the  unit  mass  of  hydrogen  gas  per  degree,  at  the 
temperature  of  melting  ice  and  atmospheric  pressure :  that  is, 
1,386  foot-pounds  for  the  centigrade  degree  and  pound  mass, 
or  770  foot-pounds  for  the  Fahrenheit  degree  and  pound 
mass ;  for  the  centigrade  degree  and  kilogram  mass,  the 
mechanical  equivalent  of  this  unit  of  heat  is  422-449  kilo- 
gram-metres. In  Eegnault's  calculations  he  employed  as 
unit  the  amount  of  heat  that  raises  one  kilogram  of  water  one 
degree  centigrade  at  about  the  temperature  of  15"^  centigrade; 
his  unit  is  1  •  0106  times  the  unit  of  heat  now  defined  (page  405). 

Unit  of  Energy  in  thermodynamics  is  in  this  paper,  for  arithmetical 
convenience,    taken    to    be    the    same    as   the    mechanical 
equivalent  of  the  unit  of  heat  as  given  above. 
The  water  unit  of  heat  which  has  hitherto  been  the  standard 

adopted  is  most   unsuitable.      The   specific   heat   of   water  is   not 

linown   with  accuracy  at   the   standard   temperature;  and   even  if 
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it  were,  it  would  not,  for  any  known  reason,  be  arithmetically 
commensurable  witb  any  otber  definite  physical  quantity.  Hydrogen 
is  an  elementary  substance,  and  its  atomic  weight  is  the  standard 
unit  in  the  arithmetic  of  chemistry.  The  specific  j^v  of  hydrogen 
gas  is  on  this  account  most  appropriate  for  the  standard  unit  of 
heat  and  of  energy  in  the  arithmetic  of  thermodynamics.  Fortunately 
the  unit  now  proposed  is  not  sensibly  different  from  the  unit 
hitherto  in  use.  Substantially  therefore  the  unit  remains  about 
the  same  as  before,  and  only  the  definition  is  altered. 

Specific  Heat  of  Water. — The  report  of  Eegnault's  experiments 
on  the  specific  heat  of  water  is  the  last  in  his  first  volume.  The 
columns  of  data  do  not  agree  with  the  column  of  results.  The 
author  drew  attention  to  this  in  a  letter  to  Engineering,  9th  January 
1885.  In  the  new  edition  of  Wiillner's  Experimental-'physilc,  published 
also  in  1885,  the  author's  recalculations  are  independently 
corroborated.  Wiillner  accej)ts  the  data  columns  as  correct,  and 
from  the  recalculation  concludes  that  the  sj^ecific  heat  of  water  may 
be  taken  to  be  constant  up  to  190''.  The  author  thinks  that  the 
apparent  discrepancy  is  due  to  a  wrong  statement  of  the  weights  of 
the  hot  water,  and  that  Eeguault  calculated  his  results  from  the 
correct  weights.  In  the  following  formula  on  page  739  of  his  report 
is  stated  the  manner  in  which  the  calculation  is  to  be  made,  when 
a  small  quantity  tt  of  cold  water  is  poured  back  again  into  the 
calorimeter :  (P^  -V,-\- p  -  ^)  x  (T  -  t^)  --=  (P„  -  p  -  tt)  {t^  -  t^). 
Now  the  negative  sign  of  tt  in  the  second  half  of  this  equation  is 
a  misprint  not  given  in  any  of  the  lists  of  errata ;  it  ought  to  be 
-j-  71".  As  printed  it  gives  the  weight  of  cold  water,  P  —  p  —  tt, 
too  small.  The  author  thinks  that  this  too  small  weight  has 
been  deducted  from  P  ,  instead  of  taking  the  correct  quantity 
P^  —  P  +  P  —  7!"  for  the  weight  of  hot  water  ;  and  that  this  mistake 
has  been  made  after  the  column  of  results  had  been  calculated  from 
the  correct  weights.  The  sum  of  the  weights  of  the  hot  and  the 
cold  water,  in  every  one  of  the  experiments  which  are  thought  to  be 
mis-stated,  seems  to  be  greater  than  the  capacity  of  the  calorimeter, 
and  in  each  of  these  the  weight  of  hot  water  is  notably  excessive. 


402 


REGNAULT  8   STEAM    EXPERIMENTS. 


July  1889- 


2     '2 

o 

o 

en 

00 

>o 

>o 

lO 

o 

o 

o 

-H 

a 

•H 

o 

O    0)    S* 

l^ 

o 

1- 

eo 

(M 

(M 

<M 

ca 

o 

CO 

CO 

C5 

1.0 

eo 

<JJ 

CO 

o 

Temp 

tiir 

centigi 

o    t- 

r- 

r- 

cv 

o 

o 

O 

o 

CO 

o 

CO 

00 

© 

© 

^H 

o 

o 

o 

o 

o 

o 

O 

l-H 

l-H 

-H 

c^ 

<M 

CJ 

oj 

-tt 

o 

CO 

r-i 

cq 

M 

CO 

l-H 

CO 

no 

CO 

l.O 

-H 

-+< 

S  a 

CJ 

o 

\i 

o 

o 

o 

o 

O) 

lO 

CO 

rn 

CO 

CO 

ire 

o 

o 

OJ 

o 

o 

o 

o 

rj 

o 

o 

1^ 

CO 

-0 

o 

© 

© 

H-( 

o 

,o    = 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

Sfe 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 

o 

© 

© 

S 

Q'^ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

B   ci 

CO 

lO 

o 

f-5 

m 

C-1 

l-H 

irt 

eo 

l-H 

-H 

r- 

ire 

=i  "r: 

o 

-H 

o 

1^ 

~t* 

f/) 

CO 

o 

o 

"O 

lO 

or) 

CO 

r- 

eo 

v-i 

C-l 

-fl 

<M 

r/) 

O 

o 

'O 

l.O 

1.0 

o 

o 

o 

ire 

-ti 

I-- 

o 

o 

P  13 

o 

O 

CT5 

o 

o 

o 

o 

o 

o 

o 

o 

C5 

C/J 

o 

o 

© 

_l-» 

^  c 

o 

o 

C5 

o 

o 

o 

o 

o 

o 

o 

o 

05 

Ci 

© 

© 

© 

o 

?^5 

rH 

1— I 

O 

l-H 

^ 

^ 

I-H 

l-H 

r-t 

^ 

o 

O 

o 

rH 

I-H 

^ 

en 

u 

-H 

o 

h- 

o 

r^ 

r^ 

Ci 

o 

C5 

IM 

1-1 

,_! 

c:5 

C5 

CO 

,— » 

a, 

<Xi 

^ 

C-l 

1^ 

CO 

»j 

i.O 

(yj 

o 

o 

tl 

Ci 

cn 

■^ 

CT) 

'tl 

1.-5 

-H 

m 

CO 

CO 

l.O 

-H 

l.O 

t^ 

1- 

lO 

-H 

-H 

f^ 

UJ 

O 

o 

O 

rs 

o 

o 

<r. 

CO 

o 

o 

o 

o 

© 

© 

^ 

fl  5 

o 

o 

O 

o 

o 

o 

o 

'O 

o 

o 

o 

o 

o 

o 

© 

© 

to  iJ 

" 

3 

^^ 

'    ^ 

'   ' 

^^ 

^' 

^^ 

^* 

'  * 

'   * 

'    * 

'    * 

^^ 

'    ' 

'  ^ 

' 

g 

^ 

^ 

Q 

=  ?• 

CO 

(M 

-f 

o 

C-J 

CO 

-ti 

t- 

o 

a 

o 

CO 

!N 

CO 

'f' 

H 

=  (M 

;-! 

C5 

i 

"O 

(T) 

o 

r- 

o 

CO 

CO 

lO 

-^ 

cn 

ro 

CO 

2  Ttl 

■rf 

O 

CO 

CO 

CO 

■^ 

co 

c^ 

eo 

o 

o 

l-H 

(M 

l-H 

Q 

6 

l—l 

l>J 

c^ 

(M 

'^  =^m 

i^  =2  § 

?  (M 

CO 

N 

o 

I-H 

^ 

t^ 

c» 

(N 

CO 

CO 

I> 

ire 

00 

© 

© 

lorirae 
pacity 
zero  li 

a  -K 

(M 

(T) 

CO 

lO 

,H 

in 

o 

r^ 

CO 

CO 

-+1 

CO 

o 

l-O 

© 

Q 

-  -H 

-H 

0-3 

m 

o 

« 

CTi 

o 

Cl 

(/) 

1^ 

r~ 

t^ 

s  o 

O 

O 

CD 

o 

o 

O 

CO 

lO 

IfO 

CO 

C3 

CO 

ire 

o 

ire 

c:  Ci 

O 

m 

C5 

C5 

o 

cr> 

Ci 

m 

o 

C5 

o 

o 

ro 

o 

03 

^  o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

ei   cS   ^ 

l-H 

oo5 

-?     - 

iCn 

CO  -n 

to 

^ 

o 

o 

o 

iO 

(>J 

C5 

04 

r^ 

o 

CO 

© 

00 

© 

3  ■■= 

,_! 

pH 

o 

f-H 

o 

CO 

rn 

t^ 

CO 

<-> 

o 

t^ 

o 

-H 

ire 

o 

S  CO 

m 

o 

CO 

CO 

CO 

CO 

OJ 

CJ 

ox 

CI 

© 

C5 

S  -o 

o 

</) 

1-- 

1- 

1^ 

o 

O 

CO 

r/) 

CO 

r/) 

lO 

© 

li'^ 

o 

Ci 

C5 

m 

>^ 

a 

C3 

m 

m 

C5 

ca 

o 

CI 

o 

cH  --^ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

H 

r-  CO 

o 

o 

-i* 

CO 

l>j 

C5 

C5 

o 

CO 

O 

o 

o 

o 

-*< 

Tt< 

ti  «S  S 

s  CI 

lO 

t^ 

h- 

rr 

-+I 

iri 

l.O 

o 

(~i 

r-> 

(M 

Ol 

CO 

CO 

o 

M 

•^'fc*    S 

P  o 

CO 

00 

>o 

OT 

:o 

r^ 

o 

cni 

CO 

Ct) 

(■/) 

en, 

i^ 

eo 

© 

c  o 

o 

o 

o 

o 

o 

o 

C5 

o 

CTi 

© 

C3 

cio 

o 

o 

o 

o 

o 

o 

Ci 

o 

o 

O 

o 

o 

O 

© 

O 

l-H 

l-H 

l-H 

l-H 

73  O 

o 

•^ 

cr> 

r^ 

m 

tn 

pn 

PO 

CO 

r^ 

CO 

CO 

© 

•^ 

© 

?  s:  5 

::  CJ 

o 

■^ 

fN 

(M 

-H 

t^ 

C<l 

rn 

eo 

o 

en 

lO 

CO 

00 

CO 

< 

a?r! 

o 

r^ 

O 

l.O 

-H 

r/) 

CO 

eo 

tM 

CO 

''^'^  Ev 

o 

o 

to 

o 

O 

o 

o 

CO 

lO 

CO 

CO 

CO 

© 

o 

o 

■3  2  ^" 

ceo5 

C5 

m 

o 

(-; 

C3 

Ci 

C^i 

(-5 

o 

o 

o 

en 

O 

o 

© 

r  C5 

o 

<TJ 

o 

<~i 

r-i 

.^ 

Oi 

tT) 

(Ti 

o 

o 

o 

C5 

C5 

© 

''Q*^ 

O 

No.  of 

_. 

(M 

eo 

•>* 

Ui 

(D 

r- 

CXI 

cs 

o 

(M 

CO 

•+1 

in 

© 

Experiment. 

^ 

l-H 

Jl'LY  1889.  EEGNAULT's   STEAM   KSPERIMENTS.  403 


I-l 

o 

o 

r^ 

t^ 

CO 

o 

(M 

CM 

m 

-H 

l-H 

CO 

to 

l-H 

CO 

CO 

lO 

o 

»o 

(75 

lO 

CD 

o 

Tl 

CM 

c^ 

CO 

00 

CO 

OJ 

CO 

CO 

CD 

CO 

l^ 

t^ 

o 

CM 

to 

o 

CD 

00 

l^ 

CO 

CO 

o 

h- 

r^ 

CO 

CO 

-t^ 

>o 

CO 

CO 

(75 

o 

o 

CM 

CI 

CM 

CM 

05 

CO 

CO 

CD 

CO 

1- 

o 

CO 

co 
1— 1 

CO 
1— 1 

CO 

»o 

to 
1—1 

l-H 

to 

to 

CO 
l-H 

to 

l^ 

l-H 

l^ 

l^ 

l^ 

C/J 

CO 
l-H 

00 
I-H 

CO 
r-l. 

co 

l-H 

C5 
I-H 

-H 

CO 

o 

o 

o 

CO 

CO 

o 

lO 

-+I 

CO 

^ 

C5 

CO 

l-H 

o 

l-H 

r^ 

CO 

lO 

CO 

X- 

•^ 

CO 

O 

C/) 

o 

CO 

CO 

CO 

CQ 

rH 

-n 

o 

CM 

CO 

CO 

CO 

CO 

00 

00 

-tl 

o 

t^ 

-tl 

-H 

CO 

O 

o 

o 

1—1 

o 

o 

o 

o 

o 

-H 

o 

o 

o 

o 

o 

o 

CO 

05 

o 

t^ 

-H 

o 

to 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

o 

CM 

o 

o 

o 

o 

CO 

-H 

CO 

CO 

-H 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

m 

'^ 

r^ 

1— 1 

CO 

c-> 

>— 1 

fN 

o 

-+I 

CD 

CO 

CO 

M 

r^ 

r5 

to 

CM 

-t< 

CO 

o 

-tl 

o 

CO 

o 

o 

(M 

t^ 

CO 

r/) 

t^ 

-f 

Ol 

C5 

t- 

CI 

to 

CO 

CO 

to 

t^ 

to 

r5 

1^ 

-t< 

r~ 

C5 

o 

CO 

CO 

o 

t^ 

t^ 

(/J 

o 

C5 

CO 

Ol 

o 

o 

o 

CM 

C^l 

CM 

C5 

-n 

-tl 

C75 

o 

to 

C5 

o 

o 

o 

o 

o 

o 

o 

o 

o 

<~> 

r/l 

o 

(~i 

<r> 

J—{ 

l-H 

1^ 

r^ 

r^ 

1^ 

00 

r^ 

t- 

o 

1— ( 

o 
1— ( 

o 
1— ( 

o 

C' 

o 

o 

o 

o 

o 

o 
o 

o 

C5 

o 

o 

I-H 

o 

l-H 

o 

o 

l-H 

C5 

o 

C5 

o 

C5 

o 

C5 

o 

o 
o 

C5 

o 

(35 

o 

^ 

CO 

CO 

o 

CO 

-n 

CO 

<M 

■o 

o 

c:5 

CI 

CO 

CO 

l-H 

r^ 

rn 

CI 

o 

o 

CO 

t^ 

^ 

00 

cc 

w 

CO 

rr) 

o 

fM 

-+I 

-tl 

CM 

(/) 

r-i 

o 

to 

CI 

o 

CM 

CO 

CO 

C5 

to 

r/l 

CI 

CM 

o 

o 

r^ 

t— 

c-i 

(/) 

CO 

crs 

I~- 

CO 

C5 

o 

o 

CM 

CI 

CI 

CO 

-+I 

-H 

1^ 

-tl 

CO 

to 

o 

o 

o 

o 

o 

o 

o 

o 

C5 

o 

o 

o 

o 

o 

T— 1 

o 

o 

o 

T-H 

o 
1— 1 

o 

t-H 

o 

o 

o 

o 

o 

o 

o 

o 

l-H 

o 

l-H 

o 

o 

o 

I-H 

o 

l-H 

o 

I-H 

o 

I-H 

o 

o 

o 

l-H 

l^ 

-jH 

t> 

Ci 

o 

T-t 

CO 

t- 

el 

CO 

CO 

C5 

to 

CO 

-H 

-H 

cc 

CO 

CO 

CO 

rH 

-tl 

-tl 

CO 

o 

CO 

r-< 

r- 

-H 

o 

-H 

(M 

en 

<r> 

CO 

to 

to 

,_l 

-tl 

CO 

1^ 

t- 

t^ 

c-> 

CD 

C/1 

to 

t^ 

C^l 

CO 

CO 

CM 

T— 1 

CO 

CJ 

-+I 

CM 

CO 

crs 

CM 

CM 

CO 
CM 

tl 

-*1 

-tl 

to 

-tl 

Ttl 

-tl 

-tl 
-tl 

C5 
CO 

CO 

CO 

-tl 

CO 

« 

CO 

t- 

a 

CO 

lO 

o 

in 

cc 

cc 

CM 

CO 

l-H 

^ 

CO 

O) 

CO 

to 

o 

CM 

o 

(M 

-tl 

-n 

,_, 

,_, 

r^ 

CO 

CO 

CO 

(M 

o 

CO 

t^ 

CO 

-H 

00 

CD 

o 

en 

to 

CO 

C5 

C5 

CO 

o 

to 

CM 

00 

C/) 

lO 

»o 

i.O 

o 

IM 

Oi 

r-> 

o 

1- 

1^ 

o 

CO 

c-i 

to 

-tl 

-tl 

-tl 

CI 

CI 

40 

o 

o 

no 

lO 

"O 

lO 

l.O 

o 

to 

to 

to 

to 

tO 

to 

to 

to 

-+I 

-tl 

-tl 

-tl 

-H 

-H 

-tl 

Ci 

o 

rra 

t-i 

f72 

(T3 

f-i 

rn 

C5 

C5 

C35 

C5 

C5 

C5 

C5 

C5 

05 

C5 

C5 

o 

C5 

C5 

C5 

cr> 

o 

o 

o 

o 

o 

l-H 

o 

o 

o 

I-H 

o 

rH 

o 

o 

o 

l-H 

o 

I-H 

o 

o 

o 

o 

o 

I-H 

o 

I-H 

o 

o 

o 

l-H 

o 

l-H 

o 

l-H 

(M 

o 

-tl 

CO 

(M 

CO 

o 

(M 

o 

CO 

to 

CM 

o 

'tl 

o 

CM 

o 

CO 

CO 

GO 

-tl 

CD 

CO 

o 

cc 

CD 

o 

-H 

,_, 

CO 

t^ 

CO 

o 

CO 

CI 

o 

CO 

1- 

to 

CI 

CO 

r-l 

CO 

m 

C5 

r/1 

o 

o 

o 

C/) 

C<) 

t^ 

CO 

-H 

CO 

-H 

CO 

CO 

CI 

r- 

Tj 

CO 

CI 

r- 

CM 

CO 

CO 

lO 

lO 

lO 

»o 

i.O 

lO 

o 

to 

C/J 

to 

1^ 

CO 

C.T 

CO 

CO 

C5 

C/-I 

C/J 

<» 

en 

(/J 

00 

C5 

o 

05 

o 

rn 

C5 

OT 

o 

o 

Ci 

<-3 

o 

o 

rs 

(-5 

n 

C5 

o 

(75 

(-5 

(75 

C5 

r5 

C5 

o 

o 

T— I 

o 
I— 1 

o 

o 

l-H 

o 

o 

o 

l-H 

o 

l-H 

o 

o 

o 

o 

l-H 

o 

o 

o 

o 

o 

l-H 

o 

o 

o 

o 

o 

o 

l-H 

CO 

^ 

CO 

I-H 

CO 

m 

^ 

<M 

CO 

CM 

o 

CO 

o 

CM 

CM 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

t^ 

(75 

Ci 

CO 

-H 

en 

r- 

Oi 

o 

CO 

,_( 

_ 

to 

to 

r^ 

IQ 

CI 

to 

CJ 

CI 

c-> 

(^ 

t^ 

lO 

o 

-H 

<M 

CO 

o 

rM 

ro 

to 

r/1 

I-H 

CO 

CM 

-tl 

CI 

o 

o 

to 

r/l 

CO 

o 

•~J 

05 

o 

o 

o 

r/) 

m 

<~i 

r/> 

o 

U) 

o 

o 

C5 

Ci 

05 

o 

CI 

o 

05 

05 

o 

C5 

a 

C5 

C5 

o 

C5 

o 

l-H 

C5 

C5 

C5 

C5 

o 

o 

o 

o 

o 

o 

o 

CO 

CO 

CO 

t- 

CO 

i-H 

CO 

o 

<M 

-H 

to 

CO 

CD 

CM 

00 

CD 

o 

CO 

CO 

<Ji 

■* 

o 

00 

o 

CO 

CO 

rH 

»o 

l-H 

o 

fN 

lO 

CI 

CO 

CM 

CO 

CM 

CO 

C5 

CO 

o 

CO 

-H 

-H 

I^ 

CO 

o 

CO 

"O 

CO 

CO 

^ 

>o 

-h 

CO 

to 

C) 

CO 

-tl 

rn 

00 

C5 

1^ 

rn 

t^ 

r/) 

(/I 

-f 

— H 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

c-1 

CO 

CO 

CO 

CO 

CO 

o 

CO 

1^ 

r^ 

r^ 

CD 

o 

t- 

1^ 

C5 

o 

CJ3 

o 

(Ti 

OS 

Cj 

05 

C5 

rn 

C75 

Ci 

C5 

G3 

C5 

C5 

C5 

C5 

C5 

cr5 

(T) 

o 

o 

Ci 

C5 

C5 

C5 

o 

05 

C5 

C5 

a 

C5 

C5 

C5 

C5 

C5 

05 

05 

C5 

C5 

05 

C5 

C5 

05 

r^ 

CO 

C5 

o 

CI 

CO 

-H 

1(0 

CO 

t- 

CO 

a 

<-> 

CI 

CO 

to 

CD 

t^ 

CO 

C5 

o 

c^ 

CM 

OJ 

04 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

-tl 

404  kegnault's  steam  expeuiments.  July  1889. 

abru2)tly  differing  from  the  adjacent  quantities.  The  heading  of  one 
of  the  columns  is  printed  "  Temperature  initiale  du  calorimetre  " 
instead  of  '■^finale;"  all  tending  to  prove  that  the  report  was 
hurried  at  the  last  in  order  to  get  it  into  tlio  first  volume.  In  tlie 
accompanying  Table  1,  columns  A,  B,  and  F,  are  from  Eegnault's 
Table,  and  the  others  have  been  calculated  by  the  author  to  account 
for  the  discrepancies  between  columns  F  and  G. 

In  column  D  is  given  the  capacity  of  the  calorimeter  up  to  the 
zero  line  on  the  glass  gauge  tube,  according  to  the  final  temperature 
and  the  Table  given  by  Eegnault  on  his  page  735.  The  excess  for 
each  experiment,  given  in  column  E,  must  be  the  weight  of  water,  in 
grammes,  above  the  zero  mark  in  the  gauge  tube.  Where  Eegnault's 
results  and  the  recalculations  agree,  the  quantity  in  column  E  is 
always  small.  AVhen  these  do  not  agree,  the  quantity  in  column  E 
is  very  great.  In  experiment  No.  34  for  example  there  was, 
according  to  column  E,  447*8  grammes  of  water  in  the  gauge  glass; 
while,  according  to  the  drawing  given  of  the  apparatus,  the  gauge 
glass  could  not  contain  that  quantity  even  if  full.  As  the  stirring 
rod  passed  through  it,  its  available  capacity  would  be  thereby 
reduced ;  and  also,  to  prevent  loss  of  water  when  stirring,  it  would 
not  be  filled  nearly  full.  These  figures  are  stated  here,  as  there  may 
be  an  opportunity  when  the  paper  is  read  of  verifying  the  conclusions 
arrived  at,  by  examination  of  the  actual  apparatus  now  preserved 
in  the  laboratory  of  the  College  de  France.  (See  discussion,  j^ages 
452-455.) 

More  recent  experiments,  especially  those  made  in  1883  by 
Eowland  at  Baltimore,  U.S.,  show  that  the  sj)ecific  heat  of  water  is 
not  constant  at  the  low  temperatures  which  were  taken  as  unity  in 
Eegnault's  calorimetric  experiments.  The  specific  heat  diminishes 
one  per  cent,  between  5^^  C.  and  29°  C,  and  from  the  latter  temperature 
it  increases.  Eowland's  experiments  extend  only  to  36°  C.  The  most 
important  determination  of  heat  quantity  by  Eegnault  is  that  for  the 
total  heat  of  steam  at  100°  C.  Six  of  the  experiments  were 
preliminary  trials.  For  the  remaining  thirty-eight  experiments  the 
mean  calorimetric  temperature  was  15°  with  a  range  of  13°.  Over 
this  range  the  mean  of  Eowland's  specific   heats  is  that  which  is 
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equivalent  to  lifting  tlie  unit  of  •weight  427"  445  metres. 
Deducting  0*5  on  acconnt  of  the  difference  of  latitude,  in  order  to 
reduce  to  {/  =  32*2,  gives  426*945  metres.  The  unit  of  heat  adojited 
in  this  paper  corresponds  to  1,386  feet  lift  or  422-449  metres, 
therefore  426-945-^422-449  =  1-0106,  which  is  the  specific  heat 
of  aquene  or  ideal  water  to  be  employed  in  this  paper,  constant  at  all 
temperatures  at  which  water  can  exist  as  a  liquid.  As  Eegnault 
considered  the  specific  heat  of  water  to  be  unity  for  the  above 
calorimetric  temperatvires,  Eegnault's  unit  of  heat  is  1-0106  times 
the  unit  adopted  in  this  paper. 

Aqiiene  is  an  ideal  substance ;  it  is  water  regarded  as  having  a 
bulk  equal  to  only  the  absolute  matter-volume  of  its  molecules. 
The  constant  specific  heat  adopted  in  this  paper  is  therefore 
less  than  the  specific  heat  of  water. 

The  heat  Q  reqiiired  to  raise  the  temperature  of  water  to  6  degrees 
absolute  fi-om  273^  absolute,  at  which  the  pv  of  water  is  so  small  a 
quantity  that  it  may  be  neglected,  is  in  this  paper  regarded  as  being 

Q  =  1-0106  (^-  273)  +  ^  v^P 

dd 

where  v  is  the  actual  volume  of  unit  mass  of  water  at  temperature  0^ 

less  its  absolute  matter-volume,  the   pressure   during  the   heatino- 

being  that  due  to  the  higher  temperature.     Absolute  matter  is  no 

doubt  much  more   dense   than   platinum ;  and  the  reduction  from 

the  apparent  volume,  being  very  small,  may  therefore  be  disregarded 

in  the  following  comparison. 

The  pv  of  unit  mass  of  water  is  =  ^—  thermal  units.     Here  lo  = 

c 

relative  volume  of  water,  the  volume  at  maximum  density  being 
regarded  as  =  unity ;  and  c  =  a  constant  divisor.  This  divisor  c  = 
601,  when  p  is  in  pounds  per  square  inch  ;  c  =  31,071,  when  p  is 
in  millimetres  of  mercury;  c  =  422,449,  when  p  is  in  kilograms  per 
square  metre.  Employing  for  '- P-  the  values  given  in  the  tables  in 
"Principes  de  Thermodynamique,"  by  Paul  de  Saint-Eobert,  the 
divisor  is  422,449.  The  mean  specific  heat  between  T  and  the 
temperature  of  melting  ice,  compared  with  that  at  t  =  4°,  is, 
according  to  the  Second  Law  as  to  be  set  forth  in  tliis  paper, 

^  10  6   dp 

^  +  1-0106  X  422,449    t    7lo' 
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According  to  this  formula,  ami  taking  tlie  values  of  the  factor  w  from 
Hirn's  experiments,  tlio  following  Tablo  2  is  calculated  for  the 
specific  heat  of  water. 

TABLE  2. 

3Iean  Specific  Heat  of  Water, 

for  the  interval  hetween  f  and  the  temperature  of  melting  ice, 

cvpressed  in  RerjnaulCs  units. 


t° 

e^ 

to 

dp 
dd 

]Mean 
Specific  Heat. 

100 

373 

1-04315 

370 

1-00337 

120 

393 

1-05992 

564 

1-00458 

140 

413 

1-07949 

1048 

1-00782 

160 

433 

1-10149 

1611 

1-01125 

180 

453 

1-12678 

2358 

1-01566 

200 

473 

1-15900 

3310 

1-02125 

To  compare  the  results  given  by  Regnault  in  column  F,  Table  1, 
with  the  last  column  of  the  above  Table  2,  it  has  to  be  observed  that 
the  former  have  to  be  reduced  a  little  for  the  difference  of  range,  the 
mean  in  Table  2  being  down  to  ^  =  0^,  while  in  Table  1  it  is  only 
down  to  the  final  temperature  of  the  calorimeter,  say  21°.  The 
results  in  Table  2  have  also  to  be  reduced  for  the  absolute  matter- 
volume.  Having  regard  to  the  extreme  difficulty  of  these  experiments, 
and  the  consequent  irregularity  of  some  of  the  results,  the  author 
thinks  that  the  column  of  mean  specific  heat  in  Table  2,  calculated 
•quite  independently,  substantially  corroborates  Eeguault's  column  F 
in  Table  1.  This  rationalization  of  experimental  results  will  be 
better  understood  when  the  theta-phi  diagram  is  explained.  The 
important  deductions  in  this  paper  are  independent  of  the  varying 
specific  heat  of  water. 

Hatio  of  the  two  Specific  Heats. — The  ratio  of  the  specific  heat  of 
■a  gas  at  constant  pressure  to  the  specific  heat  of  the  same  gas  at 
constant  volume  is  generally  represented  by  the  Greek  letter  -y,  with  a 
aumerical  value  1-408,  1-414,  1-402;  or,  as  in  this  paper,  1-4. 
The  generally  adopted  value  1  •  408  is  that  obtained  from  experiments 
on  the  velocity  of  sound  in  air,  for  which  the  equation  U^  =  d  y  '>^  P 
ought  to  hold.  Here  TJ  =  velocity  of  sound  in  air  in  units  of  length 
per  unit  of  time,  g  =  accelerity  *  of  gravitation  at  a  standard  place, 

*  Accelerity  is  the  rate  at  wliich  acceleration  is  acquired. 
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V  =  volume  of  unit  mass  of  air,  _p  =  pressure :  all  being  in  the  same 
system  of  units.  According  to  tlie  velocity  of  sound  in  air  as 
determined  by 

Kegnault,  .  330  •  7  metres  per  second,  7  =  1-  3953 
Moll  and  Beck,  332 •  26  „  „  „  7  =  1-4085 
Szathmari,     ,     331-57      „         „         „         7=l-i027 

From  tbe  ether-pressure  theory  (page  392)  the  author  obtains 
7  =  3^^  -J-  2^  =  1  •  4.  Szathmari's  experiments  were  made  in  1878,  and 
the  velocity  obtained  is  the  mean  of  thirty  experiments,  all  agreeing 
very  closely.  This  practical  result  is  thought  to  be  a  sufficiently 
close  corroboration  of  the  author's  theoretical  deduction.  The  y 
ratio  with  a  value  near  to  1'4  has  long  been  accepted  as  an 
established  physical  relation  applying  to  the  specific  heats  of  the 
permanent  gases ;  but  according  to  Eegnault's  report  it  does  not 
apply  to  steam  gas.  Inasmuch  as  for  permanent  gases  the  pv 
product  for  unit  mass  at  any  one  temperature  is  inversely  as  the 
molecular  weight  of  the  substance,  the  1-4  ratio  is  an  important 
physical  relation.  According  to  the  kinetic  theory,  ^v  is 
proportional  to  the  motion  energy  of  the  mass  of  molecules,  while 
temperature  9  is  proportional  to  the  motion  energy  per  active 
molecule.  At  the  same  temperature  therefore,  the  greater  the 
number  of  molecules,  the  greater  the  energy.  Since  the  number  of 
molecules  in  unit  mass  must  be  inversely  as  the  molecular  weight, 
we  get  jyv  inversely  proportional  to  the  molecular  weight,  at  any  one 
temperature.  For  what  has  generally  been  called  perfect  gas,  the 
ratio  1"4  gives,  in  the  notation  adopted  in  this  paper, 

2 

Specific  pv  =     — 

Specific  heat  at  constant  volume      =      — 

m 

IT 

Specific  heat  at  constant  pressure    =      — 

where  m  stands  for  the  molecular  weight  of  the  substance.  Further 
on  it  will  be  shown  that  saturated  steam  is  perfect  gas  in  the  sense 
of  being  matter  completely  gasified,  and  therefore  consisting  of 
matter  travelling  in  single  molecules.  The  purely  ideal  state  for 
which  the  2>v  product  is  strictly  proportional  to  the  temperature  will 

2  M 
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be  called  gasene  in  this  paper ;  it  is  what  Las  hitherto  been  called 
perfect  gas.  The  term  vapene  will  bo  employed  to  denote  gasene  of 
maximum  pressure  at  any  temperature. 

It  would  be  an  important  simplification  if  it  could  be  established 
that  the  ratio  1*4  applies  also  to  steam  and  other  gases.  In 
this  paper  tlio  author  will  deal  with  steam  only.  It  has  long 
been  known  that  the  relation  —  6  =  pv  holds  good  for  steam  at 
low  temi^eratures  where  it  is  assumed  to  be  almost  in  the 
gasene  state.  For  steam  the  specific  heat  at  constant  pressure 
would  require  to  be  —  =  0*38976;  and  Eegnault's  report  makes 
the  specific  heat  of  superheated  steam  at  atmospheric  pressure 
0  •  4805.  In  a  j)aper  read  before  the  Physical  Society  on  25  February 
1882  the  author  has  pointed  out  what  seems  to  him  to  be  an 
oversight  in  that  report,  whereby  the  specific  heat  has  been 
misrepresented;  and  when  this  is  put  right,  the  ratio  1"4  is 
corroborated  for  steam.  In  the  experiments  rej)orted  by  Kegnault, 
steam  of  atmosj^heric  pressure  was  superheated  at  the  same  pressure 
uj)  to  124°  C.  The  heat  abandoned  in  the  calorimeter  from  that 
temperature  down  to  0°  C.  was  ascertained  by  exj)eriment.  Steam 
was  then  superheated  to  224°  C.  under  the  same  pressure,  and  the 
heat  abandoned  was  ascertained  as  before.  The  difference  was  found 
to  be  48*05  units;  the  difference  of  temperatures  was  100°;  therefore 
the  mean  specific  heat  for  that  change  of  temperature  was  reported 
by  Eegnault  as  0*4805.  This  was  Eegnault's  method,  and  it  seems 
at  first  glance  to  be  all  right.  The  first  stage  of  superheating  was 
probably  undertaken  in  order  to  make  sure  that  at  the  lower 
temperature  the  steam  should  be  quite  free  from  moisture,  so  that 
only  the  heat  of  change  of  temperature  should  be  taken  into  account, 
and  that  the  result  should  not  be  vitiated  by  including  in  the  heat 
abandoned  any  portion  of  the  heat  required  for  evaporation.  If  this 
ground  of  procedure  were  correct,  then  if  similar  experiments  were 
made  between  the  temperatures  100°  C.  and  124°  C,  the  resulting 
specific  heat  would  come  out  much  greater  than  that  obtained 
by  Eegnault.  The  author  however  thought  that  any  particles  of 
moisture  in  the  steam  at  100°  C.  would  not  be  evaporated  up  to 
124°  C. ;  but  they  would  be  more  likely  to  be  evaporated  in  the 
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higher  range  of  temperature.  This  surmise  could  be  easily  put  to 
the  test ;  aud  indeed  we  can  actually  get  the  test  carried  out 
by  Eegnault  himself,  who  in  his  first  volume,  pages  694-8,  has 
reported  thirty-eight  careful  experiments  on  the  "  total  heat "  of 
steam  at  atmospheric  pressure,  the  mean  result  being  636  •  68  units  of 
heat. 

In    the    following   Table   3    the    author    has   re-stated  on  this 
phxn  all  the  sixteen  experiments  in  which  Eegnault  used  the  large 

TABLE  3. — Specific  Heat  of  Steam  at  atmospheric  pressure. 


A 

B 

C 

D 

Superheated. 

'■  Total  heat." 

B-636-68 

0-^A 

Degrees  Cent. 

Uuits. 

Uuits. 

! 
Specific  Heat.  ' 

24 

32 

643-96 

7-28 

0-2993 

23 

11 

643-95 

7-27 

0-3145 

21 

71 

644-07 

7-39 

0-3404 

28 

11 

647-25 

10-57 

0-3760 

27 

08 

647-54 

10-86 

0-4011 

18 

71 

644-39 

7-71 

0-4120 

22 

47 

644-55 

7-87 

0-3503 

26 

84 

647-78 

1110 

0-4136 

23 

86 

646-37 

9-69 

0-4061 

26 

86 

647-84 

11-16 

0-4155 

24 

81 

646-28 

9-60 

0-3869 

20 

34 

644-44 

7-76 

0-3815 

23 

14 

644-70 

8-02 

0-3466 

24 

25 

644-20 

7-52 

0-3101 

20 

53 

645-47 

8-79 

0-4282 

23-43 

647-54 

10-86 

0-4635 

Mean  specific 

;  heat 

. 

0-3778 

calorimeter,  pages  176-7,  vol.  2.     In  column  A  is  given  the  number 

of  degrees  centigrade  through  which  the  steam  was  superheated  at 

atmospheric  pressure.      Column  B  gives  the  recorded  "  total  heat  " 

;  in  Eegnault's  units  from  the  temperature  of  melting  ice.     Column  C 

2  M  2 
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gives  tlao  excess  of  that  total  heat,  above  the  636*68  units  of  total 
heat  from  water  at  the  temperature  of  melting  ice  to  steam  at 
atmospheric  pressure.  Column  D  gives  the  apparent  mean  specific 
heat  through  the  low  range  of  superheating,  all  in  Eegnault's  units. 
The  mean  is  0-3778,  which  multiplied  by  1-0106  gives  the  mean 
specific  heat  in  these  sixteen  experiments  to  be  0-3818  in  the  units 
employed  in  this  paper.  The  specific  heat  of  saturated  steam  at 
atmospheric  pressure,  according  to  the  theory  worked  out  in  this 
paper,  is  0*3830;  and  the  specific  heat  when  the  steam  is  slightly 
superheated  is  a  minute  fraction  greater  than  0*3830.  The  mean  of 
Eegnault's  experiments  may  therefore  be  said  to  corroborate  the 
theoretical  expectation  accurately;  but  such  very  close  agreement 
is  only  a  statistical  mean,  as  is  seen  by  the  range  of  variation 
exhibited  in  the  results  given  in  column  D.  The  nearness  of 
Eegnault's  results  to  the  deductions  of  a  theory  unknown  to  him 
shows,  if  the  theory  is  accepted,  that  his  experiments  were  most 
carefully  conducted,  and  that  the  inevitable  errors  of  observation 
have  had  no  preponderance. 

Heat  of  Evcqjoration. — According  to  the  theory  now  being  applied 
to  steam,  the  heat  of  evaporation  consists  of  the  splitting  heat  or 
energy  of  segregation,  which  is  a  constant  at  all  temperatures,  and 
the   constitutional   energy  of  the  gas  state,  namely    --  ].v.     It  will 

be  borne  in  mind  that  the  unit  of  jjv  is  also  the  unit  of  heat, 
according  to  the  convention  agreed  upon  in  this  paper  (page  400). 

The  constitutional  energy  A.  pv  will  be  taken  to  be  equal  to  —  x  6, 

2    -^  ^  m 

where  6  is  the  absolute  temperature,  and  a;  is  a  variable  which  will 
afterwards  be  shown  to  be  a  known  function  of  the  temperature. 
The  heat  of  segregation  for  water  is  501-4  units,  in  addition  to 
the  heat  which  has  already  been  communicated  to  water  at  the 
temperature  of  melting  ice.  A  slight  difference  in  the  501*4  throws 
the  pressures  out  of  agreement  with  the  experimental  results.  It 
will  be  shown  however  that  this  value  is  also  in  agreement  with 
Eegnault's  determinations  of  total  heat  or  of  latent  heat.  It  gives 
the  total   heat  of  steam  at  lOO'^    as    637-49  in   Eegnault's  units; 
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and  in  tlie  tliirty-eight  experiments  already  referred  to,  Regnault's 
results  range  from  635  "6  to  638*4,  with  a  general  mean  of  636*68. 
The  difference  637*49 -636 '68  =  0*81,  which  is  only  about  one- 
eighth  of  one  per  cent.,  and  is  a  remarkable  corroboration  of  the 
accuracy  of  Regnault's  work,  if  the  theory  now  presented  is 
accepted. 

The  coefficient  x  denotes  the  fraction  which  the  actual  ^jy  is  of 
what  woukl  be  the  pv  of  the  same  weight  of  gasene  at  the  same 
temperature.  As  this  paper  refers  to  steam  only,  it  is  always  ideal 
steam  that  is  meant  when  the  term  gasene  is  employed. 

The  molecular  weight  of  hydrogen   being   2,  its  specific  pv  is 

2        2 

—  =  -^  =  1.       The  molecular  weight  of  water  is  generally  taken  to 

be  18.     More  accurately  however  it  is — 

i  Two  hydrogen  atoms  =    2*0000 

^  ( One  oxygen  atom  =15*9598 


Molecular  weight  of  waters  17*9598 
and  this  is  the  value  of  m  which  is  adopted  for  water  in  this  paper. 
The  slight  divergence  from  17*96  was  adopted,  not  for  greater 
accuracy  although  it  is  in  that  direction,  but  only  in  order  to  get  the 
following  numbers  complete  to  five  places  of  decimals  for  ideal  steam 
or  gasene : — 

Specific  p?;.  .  .  .        =1  =  0*11136 

Specific  heat  at  constant  volume     =  —  =  0  *  27840 
Specific  heat  at  constant  pressure  =  ;-  =  0*38976 

Tlie  Theta-Phl  (6^)  Diagram.  —  The  intelligent  grasp  of 
thermodynamic  principles  and  their  consequences  has  been  greatly 
hindered  by  the  abstruse  mathematical  method  adopted  by  all 
standard  authors  when  exj)ounding  this  science.  The  author  has 
been  greatly  assisted  in  his  investigations  by  the  theta-phi  diagram 
which  he  has  employed  constantly  since  1879.  The  energy  or  work 
diagram  commonly  employed  in  thermodynamics  has  pressure  and 
volume  for  its  rectangular  co-ordinates,  the  area  being  pv  or  work. 
On  that  pee-vee  diagram  the  important  lines  denoting  temperature 


412  REQNAULt's   steam   EXPEBIMENTS.  July  1889. 

and  adiabaticity  arc  curves,  difficult  to  draw,  and  when  drawn 
affording  little  assistance  to  the  mind  in  trying  to  comprehend 
thermodynamic  relations.  This  defect  is  due  principally  to  the 
circumstance  that  the  diagram  docs  not  represent  the  energy 
possessed  by  the  working  substance  at  any  instant,  but  merely  the 
work  it  has  performed.  For  any  special  problem  the  new  lines  are 
difficult  curves,  and  the  permanent  lines  are  only  the  rectangular  axes. 
In  the  theta-phi  diagram  the  permanent  lines  are  the  difficult  curves, 
drawn  once  for  all.  For  any  special  problem  the  new  lines  are  all 
straight,  and  the  whole  energy  possessed  at  any  instant  can  be  seen 
by  inspection,  as  well  as  the  order  in  which  thermation  or  ergation 
proceeds,  that  is,  the  change  of  mechanical  energy  into  heat  or  of 
heat  into  mechanical  energy. 

In  the  new  diagram,  shown  for  gasene  in  Fig.  10,  Plate  80,  and 
for  steam  in  Fig.  24,  Plate  86,  the  vertical  ordinate  is  temperature  6, 
reckoned  from  absolute  zero ;  the  area  is  quantity  Q  of  heat  or  energy 
in  heat  units ;  and  the  horizontal  dimension  is  therefore  made  up  of 
the  quotients  of  every  successive  addition  of  heat  divided  by  the 
temperature  at  which  it  is  received  or  abandoned.  The  horizontal 
dimension  is  that  for  which  Clausius  in  his  purely  mathematical 
treatise  invented  the  name  "  entropy."  The  theta-phi  diagram 
always  refers  to  the  thermodynamic  transformation  of  a  unit  of  mass 
of  the  working  substance. 

Entropy  is  therefore,  in  this  paper,  length  upon  a  diagram  whose 
height  is  absolute  temperature  6  and  whose  area  is  energy  Q  in  heat 
units.  The  Greek  letter  <^  was  used  by  Eankine  and  by  Maxwell  to 
denote  entropy,  which  was  called  by  Eankine  "  the  thermodynamic 
function."  The  Greek  letter  6  was  used  by  Maxwell  to  stand  for 
absolute  temperature.  The  author  has  therefore  given  the  name 
"  theta-phi  "  to  this  heat  diagram,  just  as  "  pee-vee  "  is  a  name  for 
the  common  work  diagram  of  pressure  and  volume.  The  ordinates 
in  the  new  diagram  are  represented  by  Greek  letters,  while  the 
ordinates  in  the  old  diagram  are  represented  by  English  letters. 
The  new  diagram  is  sometimes  called  the  temperature-entropy 
diagram.  Instead  of  the  word  entropy,  the  word  "  longitude  "  might 
have  been   employed ;    because,  regarding  the  diagram  as   a  heat 
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chart,  the  meaning  of  entropy  on  the  theta-phi  diagram  is  j)recisely 
what  is  meant  by  longitude  on  a  terrestrial  chart.  That  whicli  is 
called  entropy  and  denoted  by  cf)  is,  with  the  absolute  temperature  0, 
the  co-dimension  or  co-ordinate  of  energy.  Force  and  travel, 
pressure  and  voliame,  temperature  and  entropy,  are  all  different 
pairs  of  co-ordinates  of  enei'gy.  In  Fig.  24,  Plate  86,  the  figures 
marked  along  the  horizontal  line  at  273^  absolute  temperature 
denote  entropy,  and  the  horizontal  dimension  of  each  square  is  one- 
tenth  of  the  unit  of  entropy.  The  area  of  each  square  represents 
two  units  of  heat. 

Graph  is  the  name  given  to  any  line  on  the  diagram  regarded  as 
describing  a  series  of  thermodynamic  transformations.  A  graph  is  a 
continuous  series  of  state-points,  or  of  j^oints  relative  to  the  state- 
points.  In  the  pee-vee  diagram,  pressure,  volume,  and  work  are 
represented,  while  heat  and  temperature  are  graphically  ignored. 
In  the  theta-phi  diagram,  temperature,  entroj)y,  and  heat  are 
represented,  and  the  work  done  may  be  ignored  altogether  in 
drawing  any  state-point  graph. 

Upon  the  theta-phi  diagram  the  Second  Law  of  Thermodynamics 
is  that  each  point  on  the  diagram  is  a  characteristic  state-point : 
that  is,  starting  from  any  initial  state  represented  by  a  point  on 
the  diagram,  and  proceeding  by  any  series  of  thermodynamic 
transformations  denoted  by  any  graph  on  the  diagram,  when  the 
initial  point  is  again  arrived  at,  the  working  substance  will  also 
have  returned  to  its  initial  state.  The  area  swept  by  the  vertical 
ordinate  in  travelling  to  the  right  is  heat  imparted  to  the  working 
substance ;  to  the  left  it  is  heat  given  out  by  the  substance.  The 
diagram  is  merely  the  graphic  representation  of  the  Carnot-CIausius 
function.  The  validity  of  the  diagram,  as  well  as  of  the  Carnot- 
CIausius  fundamental  principle  or  second  law,  depends  upon  the 
validity  of  a  differently  worded  and  simpler  proposition,  namely : — 
when  heat  is  communicated  to  or  from  a  body  in  any  definite  order, 
having  regard  to  quantity  of  heat  and  temperature,  the  body 
simultaneously  undergoes  a  definite  thermodynamic  change  for 
which  there  is  no  alternative  ;  and  the  action  is  reversible,  and 
compoundable  in   the   sense   in   which   forces  or  velocities  can  be 
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compounded.  This  is  equivalent  to  saying  that  in  nature  tlio 
tbcrmodynamic  conditions  of  any  substance  are  localized  upon  a  heat 
chart ;  and,  just  as  a  course  stated  in  terms  of  change  of  latitude 
and  difference  of  longitude  defines  a  track  upon  the  earth,  so  is  a 
body  represented  to  pass  from  one  thermodynamic  state  to  anotlier 
by  a  graph  upon  the  theta-phi  diagram,  the  graph  marking  a  certain 
change  of  temperature  and  a  certain  difference  of  entropy.  The 
permanent  curves  upon  the  diagram  are,  all  the  time,  exhibiting  what 
are  the  thermodynamic  properties  of  the  substance :  so  that  the 
materials  we  have  to  work  upon  are  always  clearly  before  us. 

In  Fig.  10,  Plate  80,  is  represented  the  theta-phi  diagram  for 
W'ater.  Strictly  the  curves  are  the  ideals  for  ice,  aquene,  vapene,  and 
gasene.  The  base  line  oo  Z7  denotes  absolute  zero  of  temperature. 
From  CO  to  ^  273,  the  curve  on  the  left,  the  substance  is  ice,  of 
which  the  melting  point  is  273°  centigrade  absolute  temperature. 
The  specific  heat  of  ice  is  assumed  to  be  0*5,  and  the  successive 

portions  of  entropy  ^,  or  longitude  upon  that  curve,  are  therefore 

0"5 
A  ^  =  -J-  A  0.     Here  A  is  written  as  a  contraction  for  the  words 

"  a  small  difference  in."     When  the  steps  of  difference  are  taken 

0"5 
infinitely  small,  the  equation  is  written  d  0  =  -j-  d  9,  the  symbol  d 

standing  for  the  words  "  an  infinitely  small  difference  in."     Up  to 

any  point  on  the  curve  the  area  between  the  curve  and  the  base  line 

out  to  infinity  is  the  heat  which  has  been  received  by  the  ice  from  0° 

absolute  up  to  that  temperatm-e.     If  6  denote  tHe  temperature,  the 

area   or  heat   imparted   up  to  that  temperature  is  ^- ;  that  is,  the 

area  of  the  ice  curve  of  state-points  is  numerically  half  the  vertical 
ordinate.  When  the  area  of  a  curve  is  in  this  manner  a  constant 
multiple  of  the  vertical  ordinate,  the  curve  is  called  logarithmic,  and 
the  horizontal  dimension  is  the  same  multii^le  of  the  hyperbolic 
logarithm  as  the  area  is  of  the  vertical  ordinate.  Like  entropy  and 
longitude,  logarithms  are  measured  from  a  certain  arbitrary  position, 
generally  from  the  unit  vertical  ordinate,  whose  position  is  made  the 
zero  in  reckoning  the  horizontal  dimensions.  Common  logarithms 
Lave  the  vertical  ordinate  2-3026  times  the  area.  When  the  area  is 
equal  to  the  vertical  ordinate,  as  it  is  in  the  curve  for  hyperbolic 
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logaritlims,  the  horizontal  dimension  is  therefore  2*3026  times  what 
it  is  for  common  logarithms.  The  squarelets  on  the  diagram 
rej)resent  each  two  units  of  heat. 

The  curve  from  A  273  upwards  is  that  for  the  heating  of  water  at 
constant  volume,  or  really  of  the  ideal  form  of  water  called  aquene 
in  this  paper.  For  this  the  specific  heat  is  1-0106  (page  405); 
therefore  the  horizontal  dimension  is  1  •  0106  times  the  increase  in  the 
hyperbolic  logarithm  of  the  temperature.  Writing  c  =  2*3026,  the 
horizontal  dimension  from  the  temperature  O^  to  any  other  temperature 
6  can  be  expressed  as  1*0106  e  log  ^,  using  common  logarithms. 

The  A  curve,  Fig.  10,  Plate  80,  which  is  the  primary  curve  in  the 
theta-phi  diagram,  is  an  ideal  curve,  the  graph  for  aquene.   The  graph 
for  actual  water  is  W,  as  shown  on  the  sketch  diagram,  Fig.  12.    The 
water  curve  is  so  close  to  that  for  aquene  that  they  cannot  both  be 
shown  here  on  a  diagram  drawn  to  scale.   In  the  deduction  of  pu  from 
the  kinetic  theory  the  v  is  the  dynamic  volume,  including  the  volume 
of  the  initial  liquid  less  its  absolute  matter-volume.     The  primary 
curve  from  which  the  constant  splitting  heat  is  set  off  is  therefore 
the  graph  for  aquene.     The  heat  represented  by  the  area  A^^^  -^0^0 
is  not  communicated  to  the  liquid  when  it  is  heated  under  increasing 
pressure.     Let  Fig.  11  be  a  pee-vee  sketch  diagram,  on  which 
af=  pressure  at  temperature  0  . 
ah  -  absolute  matter-volume  at  Oq. 
a  c  =  liquid  volume  at  6^. 
f  h  =  liquid  volume  at  6^. 

The  pressure  at  0  is  here  regarded  as  nil.  The  external  work 
of  the  expanding  water  is  c  h  e,  the  vertical  bands  may  be  regarded  as 
the  elements  p  ^  cW.     The  area  of  /  Z;  c  a  is  the  sum  of  all  the 

elements  F^  dO,  in  which  F  denotes  the  varying  water  volume.  If 
we  write  v  for  the  volume  less  the  absolute  matter-volume,  which  is 
the  reading  of  v  throughout  this  paper,  the  area  g  Jc  ch  will  then  be 
the  sum  of  the  elements  v  J^  dO.  It  is  the  area  oi  g  h  ch  which  is 
equal  to  the  area  between  the  A  curve  and  the  W  curve  in  Fig.  12. 
The  latent  heat  of  evaporation  is  measured   from   W,  but   in  the 
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7 
thermodynamic  relations  referred  to  in  this  paper,  S  +  2'  P^  extends 

to  the  A  curve,  S   representing  the   splitting   heat    or   energy  of 

segregation.       The  whole  area  between  the  two  curves,  up   to   the 

highest  temperature  in  Regnault's  experiments,  is  less  than  half  a 

unit  of  heat.     In  the  theta-phi  diagrams  the  A  curve  only  will  be 

drawn,  representing  aquene. 

Between  21  273  and  A  273,  Fig.  10,  Plate  80,  the  state-point 

advances  along  a  horizontal  line  whose  length  is  0"296  ;  so  that  the 

area  swept  by  the  vertical  ordinate  in  the  interval  is  80  •  8  units  of 

heat,  which  is  the  heat  of  liquefaction  of  ice  to  water.     At  H  273  the 

state-point  represents  the  unit  weight  of  ice.    Midway  between  fl  273 

and  A  273  the  point  represents  half-a-pound  of  water  and  half-a- 

jjouud  of  ice.     At  A  273  the  point  represents  one  pound  of  water. 

Making  A  273  the  zero  of  entropy,  the  heat  of  segregation  for  water, 

measured  to  the  right  from  the  ordinate  at  A  273,  is  501 '4  units  of 

heat,  which  is  the  area  of  the  rectangle  A  273,  B  273,  Z.,  Z^.      The 

curve  B  is  drawn  so  that  this  is  also  the  area  from  the  A  273 

ordinate  uj)  to  any  pair  of  co-ordinates  intersecting  at  one  point 

the   curve   B ;   that   is,  the  area  bounded  by   the  A  curve,   the  6 

temperature   line  to  B,  and  the  vertical    from  B  ^,  is  a  constant, 

representing  the  heat  of  segregation.    Denoting  by  AB  the  horizontal 

distance    from    the    A   curve    to   the   E  curve  at  any  temperature 

xmder   consideration,   we    have    the   following   simple   geometrical 

property  of  the  B  curve  :   its  subtangent  on  the  base  line  is  always 

equal  to  AB  at  the  temperature  for  which  the  tangent  is  drawn ; 

consequently  its  subtangent  on  the  vertical  through  the  A  point  is 

equal  to  6.     Because,  if  the  area  is  constant  and  the  A  curve  fixed, 

AB  lie  ^-BZdcj,  =  -  e  d<{> ;  therefore  AB  =  -  O'^lf^  =  subtangent 

dd 
ou    base ;    and    therefore    —  AB  .-  =  $  =  subtangent    on    vertical 

through  the  A  point. 

In  addition    to    the    splitting    heat   or   energy   of  segregation, 
there   is   also   the  constitutional   heat  or   energy  of  the   gas   state 

=  —  =  0-38976  per  degree  of  temperature.  If  the  G  curve  be  the 
same  as  the  B  curve,  but  merely  shifted  by  this  amount  0*38976  to 
the  right  of  B,  the  heat  imparted  when  the  state-point  comes  to  G 
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at  any  temperature  will  have  been  the  heat  of  segregation  up  to  B, 
and  in  addition  —  ^  up  to  G.  The  G  curve  is  therefore  that  of  the 
state-points  of  gasene  at  maximum  pressure  or  of  saturated  gasene, 
which  is  here  called  vapene  (page  408). 

Why  steam  should   have  a  certain  maximum  pressure  for  each 

temperature  can  now  be  explained.     The  specific  heat  of  gasene  at 

7 
constant  pressure  is  — .     If  at  G  273  the  pressure  is  jj^,  the  graph  P 

can  be  drawn  for  increase  of  temperature  at  constant  pressure  p  . 
The  required  graph  must  be  a  portion  of  that  logarithmic  curve  whose 

7 

area  is  -  6.     The  horizontal  travel  on  the  graph,  from  Oq  =  273°  to  0, 

7  7  0 

will  therefore  be  —  e  (log  6  —  log  Oq)  =  —  e  log  -j-'   Now  when  gasene 

is  compressed  at  constant  temperature  0,  all  the  work  of  compression 
is  thermated,  that  is,  changed  into  heat.  The  graph  for  this  action 
will  be  the  horizontal  line  at  temperature  0,  and  the  vertical 
ordinate  will  sweep  an  area  equal  to  the  thermation  accompanying 
the  action.     It  is  well  known  in  elementary  thermodynamics  that 

the  area  of  an  isothermal  compression  curve  from  p^  v^  to  p>  v  is 

v  2 

p  V  e  log  — .     Now   for  gasene  p  v  =    -  d,  therefore  the  thermation 

2  p 

area  is  -7  ^  e   log    -.      On   the  diagram  the    height  of  the   area 

thus  swept  out  is  0 ;  therefore,  by  omitting  the  factor  6  from  the 
expression  for  the  area,'^we  get  —  e  log  —  as  the  horizontal 
dimension  GP  at  any  temperature,  p  being  the  pressure  at  G  and 
Pq  the  pressure  at  P. 

m,    1        ^.^    A-D        501-4  + 1-0106  X  273-1-01069     777-3       ,    -,^_ 
The  length  AB  = ~ =  -^^—  1-0106. 

Denoting  by  the  letter  0  the  zero  ordinate  position  at  A  273,  and 

measuring  horizontally  from  O,  we  get   by  the  graph  for  aquene 

heated  to  6  and  then  evaporated 

OG  =  1-0106  6  log -l^  +  ^^l^  -  1-0106  +  1 

By  the  graph  for  water  evaporated  at  the  temperature  of  melting  ice, 

or    273^^  absolute   temperature  centigrade,  and   heated   at   constant 

pressure  up   to   0,   and   then   compressed    as    gasene   at    constant 

temperature  to  pressure  p  on  the  vapene  curve  G,  we  get 

501-4    ,77.         e  2  p 

OG  =    -273    +  -  +  ^,  ^  log  2-3  -   -  e  log  ^^. 
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E(iuating  these  two  values  of  OG  and  collecting  the  terms,  we  get 

-  5-57507  logg. 


log^^  =  3031-405 


This  gives  the  pressure  j)  in  multii:»]es  of  the  pressure  p^,  at 
273^  =  6q.  It  will  be  better  to  assume  that  the  pressure  at  the 
boiling  point  of  water,  or  373^,  is  7G0  millimetres  of  mercury,  that 
is,  "  atmospheric  pressure ;  "  and  to  reduce  the  above  formula  to  the 
following  for  pressure  p  in  millimetres  of  mercury  at  any 
temi^eraturc  6  :■ — ■ 

logp  =  25-3453G36  -  sosrfOo  _  5.57507  log  e. 

We  can  now  try  what  the  run  of  pressures  is  by  this  formula, 
and  compare  it  with  Eegnault's  steam  pressures  : — 

TABLE    4. 

Comparison   of  Steam  Pressures    in    MegnauWs  Experiments 

loith  iliose  calculated  by  the  autJior^s  formula  for  Vapene, 

that  is  for  ideal  gas  at  maximum  pressure. 


Pressure  in  millimetres  of  mercury. 

Temperature. 

Eegnault. 

Formula. 

Steam. 

Vapene. 

centig. 

mm. 

mm. 

273° 

4-6 

4 -560 

323= 

91-982 

93-597 

373° 

700- 

760- 

423^ 

35S1-2 

3442-6 

473° 

IIGSS- 

10566- 

503° 

20926- 

18083- 

Here  the  two  columns  of  pressures  do  not  agree.  Eegnault's  pressure 
in  his  experiment  at  the  highest  temperature  is  about  16  per  cent, 
greater  than  that  given  by  the  formula  for  vapene. 

Before  leaving  the  diagram  for  gasene  and  vapene,  there  are 
certain  important  geometrical  features  to  be  noticed  in  it.  The 
curves  B,  C,  and  G,  Fig.  10,  Plate  80,  are  the  same  curve  in  different 
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positions  of  entropy  or  longitude.  The  letters  A,  B,  C,  G,  &c., 
referring  to  the  theta-pM  diagram,  do  not  denote  the  particular 
points  at  which  they  happen  to  be  placed  in  the  diagram.  Each 
letter  denotes  a  curve  or  else  a  vertical  line;  and  AB,  AG,  BC, 
EG,  &c,j  denote  the  horizontal  interval  between  these  curves  at 
any  temperature  6.  The  area  up  to  ACZ3  represents  the  energy  or 
heat  possessed  by  the  w^orking  substance  at  the  temperature  indicated 
by  the  line  AG  at  ^  =  453^  The  area  ZgCGZ^  or  ^  X  CG  is  the  pv 
of  the  substance ;  and  this  is  not  possessed  by  the  substance.  Part 
or  all  of  ^  X  CG  represents  external  work  done  during  evaporation ; 
whether  it  is  part  or  all  oi  6  x  CG  which  represents  this  work 
depends  upon  how  the  evaporation  has  been  accomplished.  At  any 
temperature  the  rate  of  shift  of  entropy  on  B,  C,  and  G,  is  AB  —  6 
per  degree  of  temperature ;  this  is  the  immediate  consequence  of  the 
equal-area  property  of  the  B  curve  (page  416). 


AB  = 

777-3 

0 

-1-0106     (page  417) 

CG  = 

2 

in 

=  0-11136  (page  411) 

BC  = 

5 
m 

=  0-27840  (page  411) 

BG  = 

7 

in 

=  0-38976  (page  411) 

Critical  Temperature. — The  temperature  at  which  the  A  curve 
and  the  B  curve  meet  is  the  critical  temperature  for  aquene  and 
gasene,  above  which  there  can  be  no  liquid. 

In  Fig.  13,  Plate  81,  let  O  be  any  point  in  the  G  curve  in  Fig.  10  ; 
that  is,  in  the  curve  of  gasene  at  maximum  pressure,  otherwise 
called  vapene.  Let  OG  and  OP  be  tangent  elements  respectively  of 
the  curve  G,  and  of  the  curve  P  starting  from  0.  Let  OK  denote  an 
infinitely  minute  increase  of  temperature,  cW.  Write  —  clGr  to  denote 
GK,  the  simultaneous  shift  of  entropy  on  the  curve  G. 

NowKP  =  I^ 
m  0 

andGP  =  ^^'=  ^dUlogp) 
dd  in    I)         m    9 

:.  -  6'^^ de  =  ^  o'^-lde. 

ad  in      li         TO 
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But  -  6»'|Jj  =  AB  (page  41G),  and  ~-9  =  2'V  (page  408) ; 

.-.  AB  (10  =  vdp-  "^  (W 

m 

o 

Since  pv  =  ~-  9, 
in 

therefore  «'^  + 1.1?  =  1- 

^   de  (19  ;;i 

Hence  -  » '(-  =  (AB  4-  A)  =  AC. 

iid  111 

The  above  values  for  vdj)  and  pdv  have  been  obtained  by 
considering  the  heating  and  compression  of  gasene.  The  same 
values  are  also  arrived  at  when  the  heat  of  evaporation  is  considered. 
By  the  First  Law  the  work  done  over  the  graph  AG,  GG,  GA,  AA, 
is   AG  X  d$,  when   the  difference  of  temperatures  is  d$ :  that  is, 

as  above,  (AB  -{-  ~)  dO  =  v  ^|  d9. 

It  is  important  in  this  investigation  to  observe  that  the  same 
equation  is  arrived  at,  whether  the  state  on  the  G  curve  in  Fig.  10, 
Plate  80,  is  considered  from  the  gasene  side  or  from  the  evaporation 
side.  When  gasene  is  compressed  at  constant  temperature,  the 
vapene  pressure  is  reached  when  the  state-point  crosses  the 
G  curve ;  and  thereafter  liquefaction  is  the  result  of  further 
compression.  The  Second  Law  determines  that  for  any  one  point 
there  is  only  one  state ;  whence  it  follows  that  the  jjoint  at  which 
gasiiication  is  completed  in  evaporation  must  also  be  the  point 
at  which  liquefaction  commences  in  compression  at  constant 
temperature. 

So  far  as  we  are  guided  by  our  knowledge  of  the  nature  of 
steam,  and  of  the  requirements  of  the  first  and  second  laws  of 
thermodynamics,  there  is  no  inconsistency  in  the  existence  of  gasene 
and  vapene.  Such  however  is  not  the  order  of  nature ;  and  it  is 
therefore  necessary  to  discover  what  other  order  of  pressures, 
volumes,  and  temperatures,  would  harmonise  with  these  requirements. 

The  position  of  the  G  curve  in  Fig.  10,  Plate  80,  is  that  for 

2 
vapene,  that  is,  for  completely  gasified  matter  with  its  1*^  =  ^  ^• 

2 
In  nature  the  py  of  actual  steam  is  always  —  x  6,  and  below  the 
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critical   temperature   tlie   coefficient  x  is    always   less   than    unity. 

"Without  anticipating  investigation  by  any  hypothesis  as  to  what  has 

2 
happened  to   the   gas  to  make  its  pv  fall  short  of  the  value  —  0 

assigned  to  it  by  the  kinetic  theory,  and  without  making  any  actual 

experiment,  we   can,  by  reasoning   on   from    the   above   principles, 

ascertain   what   alternative   order    is    possible    to    replace   that   of 

gasene  and  vapene,  which  experiment  teaches  us  is  not  the  order 

of  nature. 

The  principle   according    to   which   the   theta-phi    diagram   is 

constructed  being  understood,  it  is  obvious  that  a  theta-phi  graph 

may    be     drawn     to     represent     any     fully    specified     series     of 

thermodynamic  states,  w^hether  those  states  be   such   as   occur   in 

nature    or   merely   imaginary.      For    an    ideal   graph   now   to   be 

considered,  let  the  conditions  be  the  following.     Let  the  unit  mass 

consist  of  molecules  of  water,  of  which  the  quantity  x  are  in  motion 

as  gasene  at  temperature  6  ;  and  the  other  portion,  z  =  l—x,  consists 

of  separate  molecules  in  the  state  of  rest.     By  "  separate  "  is  meant 

that    the    particles    are   segregated   single   molecules.      We   have 

therefore  x  at  temperature  0,  and  z  at  absolute  zero  of  temperature. 

2 
The  pv  will  therefore  be  =  —  x9.     The  ideal  problem  now  proj)osed 

is  to  describe  the  graph  for  change  of  temperature,  say  from  6  =  473^ 
to  ^  =  273°,  the  pressure  p  and  the  volume  v  being  maintained 
throughout  the  same  as  the  p  and  the  v  for  saturated  steam  at  the 
same  temperature.  The  values  of  p  and  v  for  any  temperature  are 
supposed  to  be  given.  Obviously  the  x  will  also  be  the  same  as  for 
saturated  steam.  It  must  be  borne  in  mind  that  in  this  paper  the 
mechanical  equivalent  of  the  unit  of  heat  is  also  the  unit  of  work 
and  the  unit  of  energy. 

As  the  temperature  is  diminishing,  a  portion  of  the  molecules 

pass  from  the  z  class  into  the  x  class,  becoming  energized  so  as  to 

5 
possess  -—  ^  of  energy  per  unit  of  mass,  and  in  addition  to  perform 

2 
—  ^  of  work  per  unit  of  mass  when  in  the  act  of  assuming  the  pv 

due   to  the   motion.     The  rate   at  which    heat  would   have   to  be 

communicated  would  be  therefore  the  sum  of  the  rate  at  which  work 

is  done  externally  by  expansion  and  the  rate  at  which  the  possessed 
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energy  is  increased.     The  energy  possessed  by  the  active  molecules 

5 
at  any  instant  is       x6,  and  the  rate  at  wLicli  this  amount  varies  is 

5  5  5 

-    d(x6)  =  ^    xcW  4-  '   6dx,  where  dx  denotes  the  increase  of  the 

quantity  of  active  molecules  during  the  diminution  of  temperature 

denoted  by  dM.     The  work  done  in  the  same  time  will  be  ixhy  which 

2 
includes  the  pv  of  the  newly  energized  molecules  =  —  Odx. 

In  the  sketch  diagram,  Fig.  14,  Plate  81,  let  the  curve  E  be  the 
required   graph.      From   E  set  out    the  curve   B,  so   that  at  any 

7  7 

temperature  BE  =  --x;  and  also  the  curve  G,  so  that  EG  =  — ^• 

At  6q  =  273°  the  value  of  x  is  nearly  equal  to  unity ;  and  therefore, 

in  the  figure,  the  curves  E  and  G  seem  to  meet  at  ^^  =  273  ■.    Strictly 

at   that   temperature    EG  =  0-000119    and    EF  =  0-000085,    the 

7 
length  BG  being—  =  0*38976;  this  will  be  explained  further  on. 

Through  the  point  at  five-sevenths  of  EG  from  E  at  ^g  =  273°  draw 
the  curve  P,  which  is  the  graph  for  gasene  increasing  in  temperature 

7   (16 

at  constant  pressure,  according  to  the  equation  c7^  =  —  -^  .     From 
the  P  curve  set  off  the  F  curve,  which  is  the  graph  for  gasene  having 

the  same  pressure    as   saturated   steam   at   the   same   temperature, 

2  p 

according  to  the  equation  FP  =  ^  «  log  ^,  where  p  is  the  pressure 

of  saturated  steam  at  temperature  6,  and  p^  the  pressure  at  6q  =  273°. 

Denote  the  dcf),  or  element  of  horizontal   travel   on   the   different 

curves,   by   their   respective    letters,   thus   dB,   d'E,   dF,    dG,   c?P : 

positive  for  travel  to  the  right,  and  with  the  negative  sign  for  travel 

to  the  left. 

Let  us  now  ascertain  how  these  curves  are  related  to  the  pressure 

J),  the  volume  v,  and  the  x  and  the  z  of  saturated  steam.     Write  V 

for  the  volume  of  gasene  on  the  curve  F ;  we  have  therefore  v  =  xV. 

Write  also  \  =  the   latent   heat  of  evaporation  at  0.     Descending 

along  E,  the  heat  communicated  is 

edF.^  pdv  +^-^xdeJr^6^f^ 

2  2 

d{pv)  =  vdp  +  2xlv  =  --  xd6  +  —  6dx  ; 

/.  Bd^E  =  -  vdp  +  ~^~xd6  +  ^6dx. 
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rr 

But  by  construction    BdG  =  6'cZE-  ~6dx 

edG  =  -vdp-^  1  xdd 
m 

dp  ^dG    ,     7 

dd  dd    '     m 


But  according  to  elementary  thermodynamics 

dp       A. 

Let  tlie  curve  A  be  now  set  out  from  E,  making  AE  =  v-^   —  j  = 

AB  +  BE  ;  therefore  v  J^'   =  AB  +  ^^  x ;    therefore   AB  =   -  ^  ^  . 

Along  G  the  sign  of  dG,  which  is  the  element  of  horizontal  travel 

dcfi  along  the  curve  G,  is  the  oj^posite  of  that  of  d9 ;  the  right-hand 

member  of  this  last  equation  is  therefore  really  positive,  although 

it  has  to  be  written  with  the  negative  sign. 

Now  although  this  diagram  has  been  constructed  according  to 

merely  imaginary  conditions,  the  v  -^  values  given  by  the  diagram 

dd 

are  those  for  the  actual  v,  p,  dp,  and  d9,  for  the  saturated  steam 
which  engineers  have  to  deal  with  practically.  If  therefore  a 
theta-phi  diagram  be  drawn  for  practical  saturated  steam,  in  which 
an  A  curve  represents  the  graj)h  for  aquene  and  an  E  curve  the 
graph  for  saturated  steam,  as  is  done  in  Fig.  24,  Plate  86,  we  shall 

have  on  this  diagram  also  AE  =  viP,  where  the  v-i'  is  the  same  as 
°  d9  dd 

before ;  and  therefore  AE  in  the  practical  diagram.  Fig.  24,  will 
have  the  same  length  as  AE  in  the  ideal  diagram.  Fig.  14.     We 

shall  have  also  BE  =  —x  in  the  practical  diagram,  the  same  as  in 
m 

the  ideal  diagram.  This  equality  would  however  also  be  obtained 
in  any  diagram  made  by  shearing  the  ideal  diagram  horizontally  in 
any  fashion,  leaving  AG  273  undisturbed.  This  equality  alone 
is  therefore  not  sufficient  to  prove  that  the  ideal  diagram  in  Fig.  14 
as  described  is  identically  that  for  practical  steam.  We  have  not  up 
to  this  point  introduced  any  guide  for  how  the  curves  are  t.j  run  in 
the  practical  diagram,  Fig.  24,  Plate  86  ;  we  have  only  ascertained 
what  their  distances  apart  must  be  at  any  temjierature.  In  the 
ideal  diagram,  Fig.  14,  Plate  81,  the  curves  are  all  fixed  by  the 

2  N 
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given  volume  v  and  pressure  p  for  saturated  steam  ;  and  we  can  now 
compare  the  A  curve,  so  fixed,  with  wliat  we  know  about  the  A 
curve  in  the  practical  diagram.  Fig.  21.  Tlic  ideal  diagram,  Fig.  14, 
gives  the  heat  of  segregation  constant  at  all  temperatures ;  because 

AB  =  —  0  ^^^^  ,  since  the  B  curve  is  the  same  as  the  G  curve 
(page  41G).  That  is,  the  area  up  to  the  segregation  curve  B,  bounded 
by  the  B  vertical,  the  0  horizontal,  the  A  curve,  and  the  base  line, 
is  constant.  For  the  A  curve,  when  the  calculations  are  actually- 
made  according  to  the  run  of  pressures  obtained  experimentally 
by  Ecgnault,  the   ideal   diagram.   Fig.    14,   gives   flA  =  1-OlOG  — 

(IB 

a  constant,  as  the  specific  heat  of  aquene ;  and  I'OIOG  y  is  also 
what  the  specific  heat  of  water  was  found  to  be  by  Rowland  for  the 
calorimetric  temperatures  in  Eegnault's  experiments.  The  specific 
heat  of  water  at  any  temperature  is  greater  than  the  specific  heat  of 

aquene  by  the  amount  0~jq(^  jg  '>  «■  quantity  so  extremely  small  at 
the  low  temperatures  in  Eegnault's  experiments  tliat  any  error 
introduced  by  neglecting  it  altogether  in  setting  out  the  A  curve 
could  not  bo  appreciated  in  working  from  experimental  steam 
pressures.  The  v  in  the  above  expression  is  the  volume  of  unit 
mass  of  liquid  ;  and  it  has  to  be  taken  according  to  the  unit 
employed  in  this  paper.  The  ideal  A  curve  in  Fig.  14  is  therefore 
the  A  curve  of  the  practical  diagram,  Fig.  24,  according  to  Eegnault's 
experiments. 

The  total  heat  according  to  the  ideal  diagram.  Fig.  14,  Plate  81, 
will  be  shown  to  be  also  just  that  ascertained  to  be  the  total  heat  of 
saturated  steam  in  Eegnault's  experiments,  and  therefore  just  that 
which  the  i)ractical  diagram,  Fig.  24,  Plate  86,  ought  to  give.  TLe 
notion  which  prevailed  before  the  publication  of  this  investigation, 
that  as  X  diminished  the  heat  of  segregation  also  diminished,  is  not 
countenanced  by  the  tendency  of  the  non-agreements  shown  in 
Fig.  20,  Plate  82.     The  specific  heat  of  steam,  according  to  which 

the  —X  is  set  ofi"  in  the  ideal  diagram,  Fig.    14,   Plate    81,  is  also 
m 

strictly  in  accordance  with  the  specific  heat  of  steam  given  by 
Eegnault's  experiments,  as  explained  at  page  408.     It  is  after  taking 
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7 
away  the  —  x9  from  tlie  total  heat  that  the  constant  remainder  is 

obtained,  denoting  that  the  heat  of  segregation  is  constant  in  actual 
saturated  steam  at  the  temperatures  included  in  the  experiments, 
irresjjective  of  the  variation  of  x,  as  it  is  also  constant  on  the 
ideal  diagram. 

The  Second  Law  is  in  every  respect  complied  with,  when  the 
ideal  diagram  as  described  above  is  admitted  to  be  the  practical 
diagram.  While,  to  the  mind  of  the  author,  these  grounds  seem  to 
be  sufficient  to  justify  the  conclusion  that  the  above  ideal  diagram. 
Fig.  14,  is  also  identically  the  practical  theta-j)hi  diagram.  Fig.  24 
for  water  and  steam,  he  at  the  same  time  desires  very  emj)hatically 
to  state  that  the  ideal  conditions  of  the  molecules — as  forming 
two  classes,  one  at  rest  and  the  other  in  motion — are  not  supposed 
by  him  to  be  the  actual  conditions.  It  is  not  meant  that  certain 
molecules  are  really  uniformly  active,  and  the  remainder  absolutely 
idle  ;  but  only  that,  in  respect  of  pressure,  volume,  and  temperature, 
the  thermodynamic  states  in  steam,  according  to  these  experiments, 
are  the  same  as  they  would  be  if  unit  mass  were  made  up  of  x 
uniformly  active  molecules  or  cr gules,  and  z  absolutely  inactive 
molecules  or  argules.  The  root  erg  signifies  activity,  and  the  root 
arg  idleness.  According  to  this  view  the  temperature  is  proportional 
to  the  motion  energy  per  ergule.  This  statement  is  however  no 
extension  of  knowledge  ;  it  is  merely  an  arithmetical  form  of  the 
definition  of  ergule. 

The  ideal  diagram,  Fig.  14,  Plate  81,  which  has  now  been  discussed, 
has  been  constructed  according  to  known  values  of  the  pressure  p  for 
the  various  temperatures.  The  curve  F,  for  gasene  having  tlie  same 
pressure  as  saturated  steam  at  the  same  temperature,  has  now  to  be 
studied  in  relation  to  the  curves  G  and  P,  in  order  afterwards 
to  arrive  at  F  without  a  previous  knowledge  of  these  temperature- 
pressures.     Eeturning  to  the  equation  for  dG,  and  writing  from  it 

the  similar  equation  for  tZF,  we  have  V  instead  of  v,  and  -  d9  instead 

m 

of  -xdO;    because  along  F  we  have  x  =  1.     We  can  also  write  xV 
m  ^ 

for  V  ;  and  then  the  two  equations  become  (page  423) 
edG  =  -  xVdp  +  '^  xd9 

2n  2 
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and  edF  =  -  rdp  +  -'^^  dO. 
m 

Tliereforo  for  the  fame  dd  we  get  dG  =  xdF. 

When  gasene  is  expanded  at  constant  temperature,  the  state- 
point    moves    horizontally   to   the   right,    and    the    pressure  falls 

according  to  the  equation  d<fi  =    —  -"-  ^^   =    -  -  ',^.      For  any  such 
^  in     p  m     V 

gasene  state-point  there  will  also  he  a  set  of  relative  points 
corresponding  to  the  B,  E,  and  G  points.  Retaining  the  capital 
letters  to  denote  points  on  the  fixed  curves,  the  corresponding  small 
letters  will  be  employed  to  denote  the  similarly  related  points  to  the 
right  of  these  curves,  that  is,  in  the  gasene  or  gas  field  of  the 
diagram.  The  state-point  for  expanded  gasene  will  be  therefore 
denoted  by/,  Fig.  14,  Plate  81 ;  and  on  the  same  temperature  line  c 
will    be    the   state-point   for   actual    steam,   expanded    until   it   has 

the  same  pressure  as  gasene  at  the  point  /.     The  relative  points  h 

7  7  1  •  5 

and  a  will  be  at  he  =  — x,  and  ea  =  — z.     The  point  /",  at  ef,  =  — z 

will  also  be  important  in  this  investigation ;  it  will  more  generally 

2 
be  regarded  in  its  relation  to  g,  namely  as/^  ^7  =  — z  =  the  entropy 

of  the  defect  of  j^y  below  the  j^;v  of  gasene  at  that  temperature.  It 
will  be  subsequently  shown  that  for  steam  /j^  is  substantially 
identical  with  /;  and  therefore  /^  and  F^  will  not  aj^pear  in  the 
diagrams. 

What  takes  place  during  change  of  volume  of  gas  at  constant 
temperature  will  now  be  discussed,  referring  to  the  pee-vee  diagrams, 
Figs.  15,  16,  and  17,  Plate  81 ;  the  text  applies  to  any  of  these  three 
diagrams.  The  expansion  curve  is  CCC ;  at  any  instant  the 
volume  is  V  =  BC.  For  gasene  at  the  same  pressure  the  volume 
would  be  AC.  The  line  AA  is  got  by  setting  back  from  C  the 
length  AC  =  ^^6  -^j)'  ^^  ^^S-  I^j  ^^^  ^  V^^^  is  vertical :  so  that, 
including  AB,  the  comjdete  diagram  is  that  for  gasene.  In  Fig.  16, 
A  travels  to  the  left  in  ascending ;  and  in  Fig.  17,  A  travels  to  the 
right  in  ascending.  In  these  examples  x  is  less  than  unity,  as 
it  is  in  ordinary  steam,  and  therefore  the  A  line  is  outside  the 
pee-vee  diagram.  In  Fig.  15  j^"  (decreases  with  compression,  and 
the  decrease  is  proportional  to  the  variation  of  pressure.     In  Fig.  16 
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also  pv  fZecreases  witla  compression,  but  not  in  any  particular  ratio. 
InFig.  17|jy  incveases  with  compression,  but  not  in  proportion  to 
the  increase  of  pressure.  However  x  may  vary,  the  area  swept  by 
the  C  vertical  inwards  must  be  equal  to  the  sum  of  the  areas  swept 
by  AC  and  AA  outwards,  because  pF  is  constant.  Or  the  area  swept 
by  the  C  vertical  inwards  is  always  equal  to  the  area  swept  by  BC 
upwards,  added  to  the  increase  of  the  AB  rectangle. 

The  BC  rectangle  =  pv  =  pxV  =  -^  x6. 

9 

The  AB  rectangle  =  JJ  (  V—  v)  =  pzV  =  -"-  z9. 
The  area  swept  by  CC  =  —  ^mIv  =  the  work  element. 
„       by  BC  =  vdp  =  xVdp  =  -Ox'^: 

„      hj  AB  =  zVdp  =  ^6z^\ 
m         p 

„  „       by  AA  =  _p  d(^zV). 

The  increase  of  the  AB  rectangle  =  — 6dz  =  zVdp  -\-  p  dizV)  ; 

.  • .  —  pdv  =  X  Vdp  -f-  z  Vdp  -f-  p>  d(z  V). 
If  as  in  Fig.  15  the  length  AB  does  not  vary,  then 
—  pdv  =  xVdp  +  zVdj)  =  —  pdV, 
or  6df  =  Odg      —  6dfg  -  the  work  element. 

For  the  element  6def  the  action  is  merely  a  transfer  of  heat. 
During  expansion,  —  6def  of  the  heat  imparted  remains  in  the  gas,  as 
the  gas-heat  of  newly  energized  molecules.  The  work  done  by  this 
heat  ( —  6def)  is  wholly  internal  during  exjiansion  at  constant 
temperature.  Again  during  compression  at  constant  temperature, 
when  a  jjcrtion  of  the  ergules  become  argules,  the  gas-heat  abandoned 
represents  no  portion  of  the  work  of  compression.  If  any  heat  of 
segregation  were  transferred  during  expansion  or  compression  at 
constant  temperature,  neither  would  any  portion  of  it  be  represented 
in  the  work  done  by  or  upon  the  substance.  As  the  diagram  is 
being  worked  out  according  to  the  conclusion  that  the  heat  of 
segregation  is  constant  for  all  state-points  in  the  gas  field,  it  is 
unnecessary  to  complicate  the  investigation  with  any  relative  point 
to  indicate  merely  imaginary  changes  in  its  amount. 
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In  compression  at  constant  temperature  tbo  transfer  of  energy- 
consists  of  three  elements ;  two  of  these  are  work  elements,  and  tlie 
third  is  heat  only.  The  work  of  compression  consists  of  the  element 
of  work  by  which  the  pressure  is  changed,  and  the  element  of  work 
by  which  jw  is  changed.  The  term  oppression  will  be  employed  to 
denote  the  former,  and  collapse  to  denote  the  latter.  The  heat 
emitted,  due  to  the  energy  abandoned  by  ergules  when  becoming 
argules,  will  be  called  the  collapse-heat.      We  have  then  during 

compression 

Work  =  appression  +  collapse 

or  —  pdv  =         vdp        +     '^(P^) 
Heat  abandoned  =  appression  +  collapse  +  collapse-heat 
or  -Ode  =      -  6dg      +     6dfj      -\-         Bdef. 

If  the  /  graph  be  not  horizontal,  the  relative  points  e  and  (j  will 
accompany  /,  each  maintaining  its  proper  distance  from  /,  and  the 
investigation  at  the  top  of  page  426  will  also  hold  good  for  these ; 
and  consequently  we  get  for  any  arbitrary  graphs  xdf  =  d(j,  the 
same  as  for  the  F  and  G  graphs.  Let  the  /  graph  be  a  cycle,  a 
vertical  rectangle,  the  vertical  sides  being  only  d(^  apart.  Along 
the  vertical  graphs,  whatever  a;  may  be,  dg  must  be  =  0,  because 
df  =  0.  The  g  graph  is  therefore  also  a  vertical  rectangle. 
Regarding  the  horizontal  dimensions  as  df  and  dg  in  the  two 
rectangles,  we  have  the  same  ratio  between  these  over  the  whole 
length.  Now  the  ratio  of  dg  to  df  is  equal  to  x ;  therefore  x  must 
be  constant  for  vertical  grai)lis,  that  is,  x  is  constant  during  adiabatic 
action  in  superheated  steam  over  the  area  for  which  the  condition, 
heat  of  segregation  a  constant,  holds  good. 

The  area  swept  to  the  left,  in  Fig.  16,  Plate  81,  by  the  A 
vertical  during  compression,  is  equal  to  the  excess  of  the  area  swept 
to  the  left  by  the  /^  vertical  over  that  swept  to  the  left  by  the  / 
vertical,  in  Fig.  14.  When  during  compression  at  constant 
temperature  pv  increases  proportionally  to  the  increase  of  pressure, 
the  expansion  curve  is  of  the  same  type  as  in  Fig.  15,  in  which  the 
A  vertical  is  stationary  ;  and  therefore  the  travel  of  /  is  then  the  same 
as  the  travel  of  f^.  If  this  relation  holds  good  from  P  to  F  in 
Fig.  14,  the  point  /will  coincide  throughout  with  the  point /^,  and 
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F  will  be  identically  F^  ;  and  there  is  only  one  curve  wliicli  will 
satisfy  this  identity.     When  /  and  /^   are  taken  to  be  identically 

the  same  points,  the  equations  F-^  G  =-^z  and  'ja  —  ^  jj  become 
simultaneous  equations  when  F  is  written  for  F^.  When  these  are 
solved  as  simultaneous  equations,  a  definite  value  of  x  is  thereby 
determined  for  each  temperature,  and  also  the  ratio  iu  which  the 
pressure  of  saturated  steam  must  vary  with  temperature.  The  total 
heat  of  steam  at  one  temperature  is  the  only  experimental  quantity 
required,  and  it  is  not  permitted  to  introduce  any  empirical  constant 
to  modify  the  result.  The  investigation  will  now  be  continued,  and 
the  calculations  made  to  verify  this  solution  of  the  problem ;  that 
is,  to  establish  that  it  gives  the  same  series  of  temperature-pressures 
as  was  obtained  by  Eegnault. 

It  has  now  to  be  ascertained,  according  to  these  two  simultaneous 
equations,  how  x  varies  with  the  temperature.     It  has  been  shown  ■ 
(page  426)  that  dG  =  x  dY,  Fig.  14,  Plate  81,  and  Fig.  2i,  Plate  80 ; 

.    fZG  dY 

. .     ^^  =  X  — 

(19  de 

•    ^_-  ?^  =  Iz?  ^i^ 

"       dd  X    de 

but  FG  =  ^  z,  as  above ;  and  -^-q  ^  -f  (P^ge  423) ; 

.     2_     dz  _    2    AB 
"    m  '  dd  ~  h^    e 

.-.  ^dz  =  AB.  ^^. 
m  1-z    6 

Write  c  =  1'0106  =  the  specific  heat  of  water  (page  405), 

and  S  =  777-3  =  501  •  4  +  273  c  =  the  heat  of  segregation, 

then  AB  =      ~  -,  as  on  page  417  ; 

:.  .^  hi  dz  =  ^-^Ue  (1) 

or  -  -       ^dz  -  — —  —  — ^ 

m   z         m  6-  6 

Integrating,  —  ^  los  z 2=  —  —  —  ce  log  6  +  constant. 

Substituting  FG  and  changing  signs, 

FG  -  A  c  log  (i^  FG)  =  -^  +  c  e  log  6  -  constant.  (2) 

From  (1)  we  get  what  the  value  of  0  is  when  2  =  1,  for  it  gives 

then  S  =  cO;  therefore  6  =  JUll  =  769-147 ;  also  when  z  =  1,  we 

I'OiOG 
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TABLE  5.—  Values  o/  F  G  -  ^  c  log  (  y FGJ  =  ^ 


FG 

a 

FG 

a 

0-00001 

1-03765 

0-0020 

0-44963 

0-00002 

0 -90040 

0-0025 

0-42528 

0  00003 

0 -91505 

0-0030 

0-40547 

0-00004 

0-88337 

0-0035 

0-38880 

0-00005 

0-85847 

0-0040 

0-37444 

0-OOOOG 

0-S3817 

0-0045 

0-30182 

0-00007 

0-82102 

0-0050 

0-35059 

0-00008 

0-80616 

0-0055 

0-34047 

0-00009 

0-79305 

0-0060 

0-33128 

0-00010 

0-78133 

0-0070 

0-31512 

0-00013 

0-75214 

0-0080 

0-30125 

0-OOOlG 

0-72905 

0-0090 

0-28913 

0-00020 

0-70424 

0-0100 

0-27840 

0-00030 

0-65919 

0-0110 

0-26878 

0-00040 

0-627-25 

0  0120 

0-26009 

0-00054 

0-59397 

0-0130 

0-25218 

0-OOOGO 

0-58230 

0-0140 

0-24493 

0-00070 

0 -50523 

0-0150 

0-23824 

0-00080 

0-55040 

0-0160 

0-23206 

0-00090 

0-53745 

0-0170 

0-22631 

0-00100 

0-525S1 

0-0180 

0-22094 

0-00120 

0-50571 

0-0190 

0-21618 

0-00140 

0-4S874 

0-0200 

0-21121 

0-OOlCO 

0-47407 

0-0210 

0-20677 

0-00180 

0-46116 
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TABLE  6.— FaZwcso/^  4- ce  log  ^-7-61496  =  6. 


6 

h 

0 

h 

273-00 

0-90122 

407 

51 

0 -36625 

275-34 

0 -88509 

411 

98 

0-35658 

27S-9S 

0  8621G 

413 

00 

0-35442 

282-93 

0-83740 

•418 

26 

0-34353 

289-42 

0-79872 

426 

90 

0-32659 

293-00 

0-77832 

433 

00 

0-31528 

294-41 

0-77280 

434 

16 

0-31318 

299-76 

0-74152 

440 

40 

0-30224 

304-95 

0-7147G 

448 

63 

0-28857 

309-17 

0-G93SG 

453 

23 

0-28139 

313  00 

0-67554 

455 

99 

0-27705 

312-28 

0-67422 

459 

33 

0-27193 

321-99 

0-63483 

462 

11 

0-26795 

32G-42 

0-61559 

4G5 

81 

0-26265 

333-00 

0-58898 

467 

46 

0-26031 

335-04 

0-58094 

473 

00 

0-25273 

343-44 

0-54923 

476 

31 

0-24839 

351-95 

0-51922 

481 

27 

0-24204 

353  00 

0-51562 

485 

19 

0-23718 

3G0-47 

0-49119 

490 

81 

0  23048 

3G8-74 

0-46576 

493 

00 

0-22794 

373-00 

0-45330 

498 

00 

0-22231 

380-00 

0-43370 

503 

00 

0-21G90 

390-00 

0-40751 

508 

00 

0-21175 

393-00 

0-40003 

513 

00 

0 -20666 

398-70 

0-38630 

519 

00 

0-20080 
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have   FG   =—   =   0-1113C.       luscrtinr;    this    value    aud    making' 

m  °  " 

0  =  769- 117,  the  constant  is  found  to  be  7-G119G.  The  left-hand 
member  of  equation  (2)  is  then  calculated  for  all  rei^uired  values  of 
FG,  and  tabulated  under  the  letter  a  in  Table  5.  The  right-hand 
member  is  also  calculated  for  all  re(]^uired  values  of  6,  and  tabulated 
under  the  letter  h  in  Table  G. 

A  curve  is  then  drawn  with  FG  set  off  on  the  horizontal  axis 
and  a  on  the  vertical  axis.  In  Fig.  23,  Plate  85,  this  curve  is  shown 
in  three  jiieces,  lettered  CC,  EB,  AA.  This  was  done  on  accurate 
sectional  pajjcr,  the  a  ordinates  varying  from  20  inches  to  8  feet. 
With  the  h  ordinates  for  any  temperature  6  this  diagram  can  be  used 
as  a  table  of  values  of  FG.  At  the  h  ordinate  on  the  curve,  the  value 
of  FG  for  that  temperature  6  can  be  read  off.  For  more  convenient 
reference  another  curve  was  then  set  out  from  these  values,  giving 
FG  vertically  aud  the  temperature  6  horizontally.  This  curve  is 
also  given  in  Fig.  23  in  two  sections  FF  aud  GG.  The  following 
values  for  FG  have  been  obtained  in  this  way  : — 


TABLE  7. —  Values  of  FG  at  different  temperatures. 


Temperature 

Value  of 

Temperature 

Value  of 

Temperature 

Value  of 

Centiiirude. 

FG. 

Ceutigrade. 

FG. 

Centigrade. 

FG. 

273 

0-000034 

353 

0-001106 

443 

0-00828 

283 

0-000002 

363 

0-001472 

453 

0-00971 

293 

0-000103 

373 

0- 00 1925 

463 

0-01123 

303 

0-000108 

383 

0-002501 

473 

0  01293 

313 

0-000203 

393 

0-00314 

483 

0-01474 

323 

0 ■ 000395 

4ii3 

0 ■ 00392 

493 

0-01070 

333 

0-000508 

413 

0-00483 

503 

0-01881 

343 

0-000801 

4-23 
433 

0-00585 
0-00699 

513 

0-02102 

The  vail 

le  of  X,  beii 

ag  1  —  z,  is  . 

r  =  1  -  — 

FG 

0- 

11136  * 

Total  Heat  of  Saturated  Steam. — At  this  stage  of  the  investigation 
the  total  heat  of  saturated  steam  at  any  temperature  can  be  calculated. 
It  is  501-4 +  ^a;^  =  501-4+ (0-38976  -^FG)^, 

Hi  2  '' 

in  the  units  employed  in  this  paper.  The  accompanying  Tables  8,  9, 
10,  show  for  comparison  Eeguault's  results  and  those  obtained  by 
the  above  formula,  dividing  the  latter  by  1-0106  to  bring  them 
to   Eegnault's    units.      Fur    convenience    the   common    centigrade 
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TABLE  8. — Total  Heat  of  Saturated  Steam,  in  Begnault's  units, 
for  Low  temperatures.     (5ee  Fig.  18,  Plate  82.) 


A 

B 

C 

A 

B 

C 

Temp, 
centig. 

Experi- 
ments. 

Formula. 

A-B 

Temp. 

centig. 

Experi- 
ments. 

Formula. 

A-B 

-2-0 

G08-1 

COO -7 

7-4 

S-G 

614-1 

605-0 

9-1 

-0-2 

601-5 

601-4 

0-1 

8-6 

603-0 

605-0 

-2-0 

0-0 

605-8 

601-4 

4-4 

9-0 

611-6 

605-1 

6-5 

2-0 

613-0 

602-4 

10-6 

11-4 

602-7 

606-1 

-3-4 

5-2 

611-9 

604-7 

7-2 

11-8 

605-1 

606-2 

-1-1 

6-4 

619-7 

604-1 

15-6 

13-5 

614-3 

606-9 

7-4 

7-4 

614-5 

604-5 

10-0 

14-0 

609-9 

607-1 

2-8 

7-6 

612-6 

604-6 

8-0 

14-7 

615-5 

607-4 

8-1 

8-5 

611-3 

605-0 

6-3 

16-1 

613  0 

602-4 

10-6 

temperatures  are  given  in  these  Tables,  and  not  the  absolute 
temperatures,  although  6  in  the  formula  denotes  the  absolute 
temperature. 

Eegnault  states  that  these  experiments  were  made  designedly 
under  very  dissimilar  conditions,  often  unfavourable  to  exactitude. 
He  considers  that  the  total  heat  for  10°  is  not  far  from  610  units. 
The  formula  gives  605  •  2  for  that  temperature.  At  temperature  100^, 
thirty-eight  experiments  gave  the  total  heat  varying  from  635*6 
to  638-4,  the  general  mean  being  636-68.  The  formula  gives 
637-51,  the  diiference  is  therefore  —0-83.  In  Table  9  the 
temperatures  taken  are  those  given  by  Eegnault  as  calculated  from 
the  pressures. 

In  these  Tables  several  experiments  at  nearly  the  same  temperature 
are  frequently  averaged  and  entered  in  one  line.  The  last  five  lines 
in  Table  10,  comprising  seventeen  experiments,  show  an  abnormal 
increase  of  total  heat  in  the  experiments.  The  author  thinks  there 
must  have  been  some  oversight  in  tabulating  the  results  above  176°. 
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TABLE  9. —  Total  Ilent  of  Saturated  Steam,  in  RegnauWs  units, 
for  Medium  temperatures.     (See  Fig.  19,  Plate  82.) 


A 

B 

C 

A 

B 

C 

Temp. 

centig. 

Experi- 
ments. 

Formula. 

A-B 

Temp. 

centig. 

Experi- 
ments. 

Formula. 

a-b' 

630 

G25-5 

624-9 

+  0-G 

80-4 

628-8 

C31-0 

—  2-2  ' 

65-3 

623-8 

625-7 

-1-9 

80-6 

627-7 

631-0 

-3-3 

68-0 

622-5 

626-6 

-4-1 

81-0 

628-8 

631-3 

-2-5 

69-7 

62G-4 

627-3 

-0-9 

82-7 

631-0 

631-8 

-0-8 

70-5 

626-9 

627-6 

-0-7 

83-1 

628-9 

632-0 

-3-1 

71-1 

622-2 

627-9 

—  5-7 

84-9 

629-9 

632-6 

-2-7 

71-3 

624-4 

627-9 

-3-5 

85-2 

631-7 

632-7 

-1-0 

76-5 

628-6 

629-7 

-1-1 

85-2 

628-6 

632-7 

-4-1 

78-3 

627-0 

630-3 

-3-3 

8G-0 

628-4 

633-0 

-4-6 

79-5 

630-1 

630-8 

-0-7 

87-8 

633-1 

633 -G 

-0-5 

80-2 

630-2 

631-0 

-0-8 

88-1 

633-4 

633-7 

-0-3 

1 

The  nature  of  tliis  increase  is  better  shown  in  Fig.  20,  Plate  82, 
where  the  differences  tabulated  in  column  C  of  Table  10  are  plotted. 
Tables  8  and  9  are  also  plotted  in  Fig.  18  and  Fig.  19  respectively. 
The  rectangle  at  100^  in  Fig.  19  encloses  the  results  of  thirty-eight 
experiments,  giving  a  general  mean  at  the  spot  marked.  To  judge 
properly  of  the  degree  of  corroboration  afforded  by  these  results,  it 
must  be  borne  in  mind  tLat  the  zero  line  for  Figs.  18,  19,  20  is 
always  more  than  five  feet  below  the  datum  line.  Even  in  Fig.  18 
the  maximum  error  is  remarkably  small  when  the  conditions  of  the 
experiment  are  taken  into  account.  The  datum  line  is  here  fixed 
quite  independently  of  these  total-heat  experiments.  It  is  calculated 
from  the  steam  pressures  observed  by  Eegnault. 

That  F^  is  identical  with  F  (pages  42G  and  429),  which  is  now  being 
verified,  implies  important  relations,  the  most  remarkable  of  which  is 
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TABLE  10. — Total  Heat  of  Safuratcd  Steam,  in  Hegnaidfs  units, 
for  High  temperatures.     (^Sce  Fig.  20,  Plate  82.) 


Temp, 
centij?. 


A 

Experi- 
ments. 


Formula. 


c 

A-B 

Temp, 
ccntig. 

-1-2 

150-2 

-0-9 

153-5 

-1-i 

154  1 

-1-8 

1.^5-2 

-1-9 

156-1 

-1-2 

157-4 

-0-5 

lGO-3 

-0-7 

IGl-S 

0-9 

lCA-1 

O-.T 

171-6 

-0-3 

172-7 

-0-3 

173-2 

-0-4 

174-0 

1-0 

175-4 

0-0 

179-6 

-0-2 

183-5 

1-1 

186-0 

-0-G 

188-1 

2-3 

194-4 

Experi- 
ments. 


Formula. 


A-B 


119 
119 
119 
122 
122 
125 
127 
129 
134 
135 
136 
138 
142 
143 
144 
145 
146 
147 
149 


642-1 
642-3 
641-9 

642-2 
642-2 
643-7 
644-8 
645-1 
648-2 
647-9 
647-5 
647-8 
648-6 
650-3 
649-5 
649-7 
651-1 
649-6 
652-8 


643-3 
643-2 
643-3 
644-0 
644-1 
644-9 
645-3 
645-8 
647-3 
647-4 
647-8 
648-1 
649-0 
649-3 
649-5 
649-9 
650-0 
650-2 
650-5 


652-6 
650-1 
650-2 
651-1 
652-1 
651-7 
653-2 
654-1 
654-5 
655-5 
655-6 
656-0 
656-0 
656-1 
662-3 
662-4 
664-7 
664-7 
6G5-4 


650-8 
651-4 
651-5 
651-8 
652-0 
652-2 
G52-7 
653-0 
653-5 
654-2 
654-3 
654-7 
654-9 
655-0 
655-6 
656-0 
656-3 
656-5 
657-1 


1-8 
-1-3 
-1-3 

-0-7 
0-1 

-0-5 
0-5 
1-1 
1-0 
1-3 
1-3 
1-3 
1-1 
1-1 
6-7 
6-4 
8-4 
8  2 
8-3 


that  the  order  in  Tihich  x  varies  is  that  which  gives  for  isothermal 
compression  the  same  pee-vee  curve  as  for  gasene  between  the  same 
pressiires  and  at  the  same  temperature  :  ox—pdv  =  —  6  (x  ^  +  dz)  = 
—  pdV,  in  which  v  is  the  gas  volume  and  V  the  gasene  volume  for 
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tho  same  pressure  p  and  the  same  temperature  6.     The  appression 

2  dv  2 

element  in  the  above  i%    -  6  x  — ,  and  the  collapse  element  is  —  6  dz 
m  p '  *  7ti 

The    heat    given   out    during   the  compression   from  P   to  e  in 
Fig.  14,  Plate  81,  is  made  up  (page  428)  of 

appression  +  collapse  +  collapse-heat  =  heat  abandoned  ; 

or  e.Tg       +     O.gf    +        ^  z^         =  e.Ve 

neglecting   the   magnitude  fg   at   P,   which   is    too   minute   to  be 

represented.      This    magnitude    however    is    not    omitted    in    the 

calculations  which  are  given  further  on.     The  sum  of  the  appression 

and  collapse  is  6  X  P/,  which  must   consequently   be   the  energy 

area  of  the  pee-vee  diagram  of   the   compression.     Therefore  the 

sum  of  the  work  of  appression  and  collapse  in  compressing  steam 

is  equal  to  the  work  of  compression  in  gasene  between  the  same 

pressures  at  constant  temperature.     The  p  dv  in  gasene  compression 

on    the    pee-vee    diagram    is    that    of   the    common     hyperbola ; 

therefore   the  p  dv    for   the   compression   curve   of  steam   is    also 

that    represented    by   the    common    hyperbola.      In   other   words, 

the  isothermal  expansion  curve  is  not  affected  by  the  value  of  x. 

It  is  only  the  expansion  curve  that  is  here  referred  to,  and  not  tho 

pee-vee  diagram  as  a  whole. 

The  type  of  pee-vee  diagram  for  isothermal  expansion  is  that 

shown  in  Fig.  15,  Plate  81.      The  curve  is  drawn  as  if  it  were  for 

2     0 
gasene,  and  consequently  as  if  the  volume  were  AC  = ;  whereas 

2      e 
the  actual  volume  is  only  BC  =  — x — .     As  the  pressure  increases, 

the  ratio  BC  -4-  AC  =  a;  is  continually  diminishing.  Writing 
z  =  1  —  X  =  AB  -^  AC,  it  is  obvious  that  z  is  proportional  to  the 
pressure  at  any  one  temperature.  The  fictitious  volume  AB  is 
constant  for  the  same  temperature,  but  different  for  different 
temperatures.     The  equation  representing  the  relation  between  pv 

and   temperature  0  is  therefore  -^0  -  p{v  -\-  f(^6)\,  where  f(6)  is 

a  function  of  the  temperature  ;  it  is  f(6)  =  6  —,  which  is  a  constant 
for  the  same  temperature. 
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We  are  now  able  to  state  as  follows  what  is  the  critical  condition 
that  determines  at  what  entropy  liquefaction  shall  commence  when 
actual  steam  is  compressed  at  constant  temperature  : — namely  when, 
during  the  process  of  compression,  the  appression  point  in  entropy 
crosses  the  vapene  curve  G  in  Fig.  10,  Plate  80,  liquefaction 
commences  and  appression  ceases. 

What  is  the  pressure  when,  during  compression,  liquefaction 
takes  place  at  any  particular  temperature?  It  is  the  pressure 
which  gasene  would  have  if  compressed  to  such  an  extent  that  the 
work  expended  in  its  compression  is  equal  to  that  required  for 
both  appression  and  collapse  in  steam ;  or,  in  other  words,  it  is 
the  pressure  which  steam  has  when  its  appression  point  crosses  the 
vapene  curve.  That  is  to  say,  let  gasene  at  G  273°  in  Fig.  14, 
Plate  81,  be  taken  along  P  to  ^  =  473°,  and  then  back  along  the 
horizontal  line  of  temperature  0  =  473'  to  F,  still  continuing  as 
gasene;  its  pressure  will  then  be  that  of  saturated  steam,  for  which 
the  entropy  point  on  the  horizontal  line  of  473°  temperature  is  E, 
and  the  length  of  FG  is  such  that  6  X  FG  =  Apv  between  gasene 

and  saturated  steam  at  that  temperature,  or  =  -^  z  ^  (page  429). 
What  has  now  been  shown  is,  that  if  p  denotes  the  pressure  of 

saturated  steam   at  temperature  6,  the  locus  of  the  state-point  of 

2 
gasene  at  the  same  pressure  is  at  a  distance  of  —z  from  G,  which  is 

the  point  of  complete  gasification,  if  that  were  possible  at  the 
instant  of  evaporation.  Such  an  overlapping  would  violate 
the  Second  Law ;  but  we  have  found  that  Nature  avoids  the 
overlapping  by  a  suitably  apportioned  reduction  of  pv  all  the  time 
that  compression  is  going  on :  so  that  the  pressure  of  saturation  is 
attained  just  at  that  point  where  appression  alone  arrives  at  the 
curve  G  which  is  the  boundary  of  complete  gasification.     At   that 

instant  EG  =  —  2  +  "Z=  —  z.  The  value  of  AB  in  Fig.  15, 
Plate  81,  can  therefore  be  calculated  from  the  saturated-steam  value 
of  6  -—-.  The  investigation  will  now  be  continued,  making  F 
identical  with  F^,  and  /  with  /j,  according  to  Kegnault's  temperature- 
pressures  for  steam. 
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Since  zV  is  constant  at  constant  temperature,  and^2F=  z^  at 
any  temperature  (page  427),  therefore  at  constant  temperature  2>  is 
proportional  to  z ;  therefore  at  constant  temperature  J'-  =  -?  ,  where 

Po  ^0 

J)  and  2'o  ^^e  any  two  pressures,  and  z  and  Zq  the  corresponding  values 
of  z.    Consequently  along  any  temperature  line  we  have  --  e  log  '     = 

AelogA.     But/,-/=Aelog7'.  ;  therefore/o-/=   2  elogf.. 

VI  Zj  m  p„  111  Ztf 

But  z  is  constant  along  vertical  lines  in  the  gas  field  (page  428); 
therefore  the  horizontal  distance  between  any  two  /  points  in  the 
gas  field,  whether  these  be  on  the  same  temperature  line  or  not, 
is  /(,-/=-?£  log  4 .  Therefore  Fq  -  F  =  —  c  log  ± ;  and  the 
calculations  of  the  temperature-pressures  given  in  Table  11  (pages 
442-5)  verify  these  z  values  along  the  F  curve,  and  therefore  also 
along  the  E  and  G  curves.  We  have  therefore  the  z  values  verified 
by  Eegnault's  experiments  for  the  whole  area  of  the  gas  field 
included  in  the  range  of  temperatures  dealt  with  in  the  experiments, 
not  only  for  saturated  steam  but  also  for  steam  expanded  at  constant 
temperature  out  to  the  entropy  vertical  for  saturated  steam  at 
9  =  273°.  As  according  to  the  Second  Law  any  state-point  denotes 
the  same  conditions  of  the  working  substance,  by  whatever  form  of 
graph  it  may  be  reached,  therefore  for  any  order  of  expansion  or 
compression  the  value  of  z  is  verified  by  these  experiments  over  the 
whole  area  enclosed  by  the  graph  F  503  K  503  P  273  F  503, 
Fig.  24,  Plate  86. 

The  values  of  FG  employed  in  the  pressure  calculations  were 
originally  obtained  by  the  method  of  cross  curves,  as  explained 
above.  The  author  has  also  devised  an  alternative  method,  which 
can  be  more  easily  applied  when  the  pressure  for  only  one 
temperature  has  to  be  calculated.  It  has  been  shown  that  the 
horizontal  distance  between  F  for  z  and  f^  for  z^  is 

TO    ^  ^"&   Zo  TO  Vo  ''^ 

Therefore  Fq  -  F  =  A  dog  -P-  _  A  c  log  J.  =  A  c  W  -1. 

°  TO  °    p^  m  °     e^  TO  ^    2o 

That  is  FK     =  FP      -        KP         =     FK. 

Multiplying  by  -"*-  and  transposing, 
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log   ;    =  elogJ"-   -     'clog -^ 


^°^i='°Hi(')'1 


z    =    (p  -^  ^')   X    (Zo  ^o'  -^  Po) 

or  z  and  also  FG  are  proportional  to  p-^  6-,  because  Zq  Oq  and  p(, 
are  constant.  This  will  be  introduced  into  a  modification  of  the 
pressure  formula  to  be  now  given,  but  it  will  not  affect  the 
calculations  given  in  the  tables  and  in  the  diagrams. 

Pressure  of  Steam. — The  final  test  of  all  the  theorizing  herein 
set  forth  is  to  apply  the  relations  here  deduced  to  the  determination 
of  the  pressures  of  steam  throughout  the  range  of  temperatures 
included  in  Eegnault's  experiments.  Eeferring  to  the  theta-phi 
diagram,  Fig.  24,  Plate  86,  and  reading  it  as  it  has  been  explained, 
we    get   OFo  +   -^  c  log-^  +  FG  -  1-0106    e   log  A  _  121^  + 

1  •  0106  —  _  =  A  e  log  J-  .       Here  the  suflSx   n  denotes   that  the 

value  is  to  be  taken  for  the  temperature  273'.  The  terms  in  this 
equation  are  the  equivalents  of  OP  -f-  FG  —  OG  =  FP ;    because 

0P=  OF;+-^elog-f ;  OG  =  OA-f  AB  +BG;  OA  =  l-0106x 

c  log^;  AB  =  '^'  -  1-0106;  EG  =  -^;  FP  =  |  .  log  J.    The 

value  of  Pq  is  obtained  iq  millimetres  of  a  column  of  mercury  by 
writing  p  at  373°  equal  to  760  millimetres.  The  formula  then  yields 
Pq  —  4 '4886  mm.  of  mercury.  The  mean  of  sixty-four  experiments 
at  273°  is  4*587,  so  that  the  difference  is  less  than  one-tenth  of  a 
millimetre,  or  less  than  l-250th  of  an  inch  of  mercury.  The  true 
steam  pressure  ought  to  be  less  than  that  shown  by  experiment  at 
very  low  temperatures,  because  the  great  difficulty  Kegnault  had 
to  contend  with  at  those  low  temperatures  was  the  unavoidable 
slight  residue  of  air  in  the  water,  which  would  add  its  pressure  to 
that  of  the  steam. 

When  the  terms   in   the   equation   are   collected   and   arranged 
conveniently    for    calculation,   the   following  practical  formula   is 

2  o 
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obtained  for  pressure  in  millimetres  of  mercury :  Log  p  - 
[0-5910552]  FG  +  25-3379  -  [0-7462505]  log  6  -  [3-481G439]  ]. 
Wlien  the  pressure  is  required  in  pounds  per  square  inch  the  constant 
to  be  used  is  23-62419.  The  numbers  in  brackets  are  the  common 
logarithms  of  the  numerical  coefficients.  Since  FG  is  proportional  to 
p^ei,\re  get  [0-5910552  +  constant]  X  j>-^-^-' =  [0-5910552]  FG. 
The  constant  can  be  obtained  by  calculating  FG  accurately  for 
one  temperature  by  equation  (2)  page  429,  getting  a  =  6  by  trial. 
This  has  been  done  for  0  =  473^  for  which  a  =  b  =  0-25273, 
and  FG  =  0-012928,  in  Tables  5  to  7,  pages  430-432;  and  the 
constant  required  comes  out  to  be  3-40675.  The  new  term  is 
therefore,  for  millimetres  of  mercury,  [3-99781]  Xp-r-Oi  =  p -r- 
[4-00219]  ^j;  the  latter  form  is  more  convenient  for  calculation. 
The  modified  equation  is  therefore,  for  millimetres  of  mercury,  Log  p 

=  p^  ^  [1 .  00219]  6'^  +  25  -  3379  -  [0  -  74625]  log  ^  -  [3  -  48164]  ]. 
For  poimds per  square  inch.  Log  p  =  Pi~  [6 •  28859]  ^J  +  23 •  62419 
-  [0-74625]  log  6  -[3-48164]  J- 

For  pi  any  trial  number  may  be  assumed,  the  nearer  to  p  the 
better.  If  p  comes  out  very  diflferent  from  p^,  apply  the  corrections 
for  the  difference  to  the  first  term,  and  find  the  result.  For  example, 
for  0  =  473^  the  pressure'is  11,662  mm.  of  mercury;  but  supposing 
we  did  not  know  it  nearer  than  to  guess  that  it  would  be  about  8,000, 
and  that  we  wrote  this  number  for  p^.  The  sum  of  the  terms  after 
the  first  would  be  found  to  be  4*01636,  and  the  common  logarithm 
of  the  denominator  in  the  first  term  would  be  found  to  be  5*36420  ; 
and  the  successive  results  would  be  11,245,  11,614,  11,657,  11,662. 
If  it  is  desired  to  compare  the  theta-phi  pressures  with  those  given 
in  any  table  of  steam  pressures,  the  formula  may  be  worked  out  by 
using  the  pressure  given  in  that  table  for  the  trial  pressure  p^, 
and  the  first  result  obtained  will  be  practically  the  accurate  theta-phi 
pressure. 

The  foregoing  formiila  for  finding  the  pressure  applies  only 
above  the  temperature  273°.  At  that  temperature  there  is  a  step 
in  the  A  curve.  A  corresponding  deviation  occurs  in  the  G  curve 
below  273°.     Our  knowledge  of  the  relations  of  specific  heat  below 
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273'  is  imperfect ;  the  author  has  therefore  been  contented  to 
adopt  the  round  number  0 '  5  as  the  constant  specific  heat  of  ice. 
The  latent  heat  of  liquefaction,  according  to  the  best  authorities, 
is  a  little  less  than  80  units  of  heat ;  therefore  80*8  is  what  has 
been  taken  for  it  in  the  new  units. 

At  the  temperature  of  273'  the  value  of  FG  is  only  0-000034 ; 
and  as  0"001  makes  less  than  one  per  cent,  difference  in  the  pressure, 
FG  is  omitted  altogether  in  the  formula  for  ice-steam  pressures.  In 
compression  along  a  temperature  line  the  shift  horizontally  or  in 

entropy  is  — — ^.     For  small  differences  this  is  at  the  rate  of  —  = 
m  p  m 

0*11136  for  100  per  cent,  of  increase  of  pressure.      The  modified 

formula   for   the   pressure   of  ice-steam   is   Log  p  =  13*35517  — 

[3 -44:76028  -  log  6]  -  log  6.     As  before,  the  bracketed  term  is  the 

common  logarithm  of  the  numerical  value  of  the  term. 

The  whole  of  Eegnault's  experiments  have  been  calculated  by 

the  author  according  to  these  formulfe.     The  results   are  given  in 

Table  11,  and  are    also   shown    graphically   in   Figs.    21    and    22, 

Plates  83  and  84.     The  agreement  with  the  experiments  is  closer 

than    that   obtained    by  using   Eegnault's   most   accurate   formulae. 

In  Figs.  21  and  22  are  plotted  the  differences  between  the  steam 

pressures  obtained   in   Eegnault's  experiments  and  those    obtained 

by  the  theta-phi  calculation.     These  are  set  off  at   the    respective 

temperatures  from  the  straight  line  marked  6(f),  each  position  being 

denoted  by  a  small  cross.     The  scale  for  these  differences  in  Fig.  21 

is  one  inch  =  one  millimetre  of  mercury  ;  and  in  Fig.  22  one  inch 

=  the   difference    of    pressure    due   to    one    degree    difference    of 

temperature.     The  curve  EE  shows  the  run  of  Eegnault's  calculated 

pressures,  according  to  his  final  tables.     The^  scope  of  error  in  the 

experiments  can   be  estimated    from    the   breadth  over   which    the 

plotted  differences  are  distributed.     Excepting  four  outsiders  which 

occur  in  his  preliminary  series  n  and  o,  every  experiment  recorded 

by  Eegnault   is   plotted   in   these   diagrams.      In   Fig.  21,  besides 

the  curve  E,  there  are  curves  marked  F,  C,  and  T.     The  curve  F 

extending  from   —28'  to   —1°  corresponds  with  a  former  formula 

employed  by  Eegnault,  according  to  which  he  generally  gives  the 

calculated  pressures  in  stating  the  experiments  on  ice-steam.     The 

2  o  2 
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TABLE  11. — TtegnauWa  Experiments  on  Steam  Pressure. 
{^Continued  to  page  4.4.5.) 


1      See  Plate  83. 

Pressure 

!  in  millimetres  of 

mercury. 

Temperature 

Kegnault's 

e  <p 

Regnault's 

centigrade. 

Experiments. 

Calculation. 

Formula. 

-32-84 

0-27 

0-20 

0-29 

-32 

52 

1             0 

28 

0 

21 

0 

30 

-30 

59 

I             0 

33 

0 

26 

0 

36 

-30 

34 

1         ^ 

33 

0 

26 

0 

37 

-28 

45 

0 

38 

0 

32 

0 

45 

-28 

39 

0 

43 

0 

32 

0 

45 

-28 

13 

0 

47 

0 

33 

0 

46 

-28 

0(> 

0 

41 

0 

34 

0 

46 

-27 

80 

0 

48 

0 

34 

0 

47 

-27 

11 

0 

46 

0 

37 

0 

50 

-25 

31 

0 

52 

0 

44 

0 

59 

-25 

00 

0 

52 

0 

46 

0 

00 

-23 

95 

0 

53 

0 

51 

0 

6G 

-23 

ae 

0 

Gl 

0 

54 

0 

70 

-22 

74 

0 

71 

0 

57 

0 

74 

-22 

IS 

0 

6G 

0 

60 

0 

77 

-21 

79 

0 

71 

0 

63 

0 

80 

-21 

IG 

0 

73 

0 

67 

0 

84 

-20 

3S 

0 

74 

0 

72 

0 

90 

-19 

41 

0 

88 

0 

79 

0 

96 

-18 

C'9 

0 

93 

0 

85 

03 

-18 

GS 

0 

90 

0 

85 

03 

-18 

41 

0 

98 

0 

87 

00 

-17 

30 

1 

02 

0 

97 

10 

-IG 

83 

16 

01 

21 

-16 

43 

17 

05 

25 

-16 

15 

15 

OS 

27 

-14 

62 

38 

24 

45 

-14 

31 

38 

28 

48 

-13 

2.0 

5\ 

42 

61 

-12 

55 

62 

50 

72 

-12 

42 

«2 

52 

72 

-11 

69 

70 

63 

84 

-10 

69 

88 

78 

96 

-10 

5.^ 

98 

80 

2 

00 

-10 

30 

99 

85 

2 

04 

-8 

11 

2 

39 

2 

24 

2 

43 

-7 

82 

2 

46 

2 

30 

2 

49 

-7 

85 

2 

51 

2 

31 

2 

50 

-7 

78 

2 

40 

2 

31 

2 

50 

—  7 

57 

2 

49 

2 

35 

2 

54 

-6 

33 

i             2 

83 

2 

62 

2 

80 

-5 

54 

2 

94 

2 

81 

2 

99 

-5 

40 

2 

96 

2 

84 

3 

02 

-4 

85 

3 

20 

2 

98 

3 

15 

-4 

61 

1            3 

19 

3 

04 

3 

21 
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TABLE  11. — Hcgnault's  Experiments  on  Steam  Pressure. 
(Continued  to  page  445.) 


See  Plate  83. 

Pressure 

in  millimetres  of  mercury. 

Temperature 

Eegnault's 

e  <p 

Eegnault's 

ceatigiade. 

Experiments. 

Calculation. 

Formula. 

-3-73 

3-39 

3-28 

3-44 

-3 

71 

3 

41 

3 

28 

3 

45 

-3 

58 

3 

49 

3 

33 

3 

48 

-2 

43 

3 

81 

3 

67 

3 

81 

-2 

26 

3 

85 

3 

71 

3 

87 

-0 

37 

4 

48 

4 

35 

4 

48 

-0 

83 

4 

34 

4 

20 

4 

32 

0 

00 

4 

59 

4 

49 

4 

60 

2 

34 

5 

35 

5 

32 

5 

43 

3 

84 

5 

96 

5 

92 

6 

03 

5 

98 

6 

91 

6 

88 

6 

99 

7 

61 

7 

64 

7 

70 

7 

81 

7 

96 

7 

88 

7 

89 

7 

99 

9 

70 

8 

87 

8 

88 

8 

90 

9 

73 

9 

04 

8 

91 

9 

01 

9 

93 

8 

94 

9 

02 

9 

12 

11 

63 

10 

23 

10 

11 

10 

20 

12 

54 

10 

72 

10 

75 

10 

84 

14 

37 

12 

25 

12 

11 

12 

20 

15 

63 

13 

15 

13 

15 

13 

23 

16 

42 

13 

62 

13 

83 

13 

91 

18 

96 

16 

27 

16 

25 

16 

31 

19 

35 

16 

72 

16 

66 

16 

72 

20 

16 

17 

63 

17 

52 

17 

57 

21 

37 

IS 

79 

18 

88 

18 

93 

21 

41 

18 

63 

18 

93 

18 

96 

23 

66 

21 

76 

21 

71 

21 

74 

24 

36 

22 

64 

22 

67 

22 

67 

25 

69 

24 

52 

24 

53 

24 

54 

26 

02 

25 

07 

25 

02 

25 

01 

26 

76 

26 

21 

26 

14 

26 

14 

27 

09 

26 

66 

26 

66 

26 

65 

28 

21 

28 

50 

28 

46 

28 

45 

28 

27    ' 

28 

61 

28 

58 

28 

56 

28 

80 

29 

45 

29 

48 

•  29 

44 

31 

95 

35 

28 

35 

27 

35 

26 

33 

70 

38 

89 

39 

00 

38 

92 

34 

76 

41 

26 

41 

37 

41 

29 

35 

13 

42 

32 

42 

24 

42 

17 

35 

87 

43 

88 

44 

01 

43 

89 

36 

17 

44 

64 

44 

74 

44 

62 

36 

58 

45 

76 

45 

77 

45 

65 

37 

06 

46 

85 

46 

98 

46 

86 

38 

09 

49 

55 

49 

69 

49 

54 

40 

28 

55 

70 

55 

91 

55 

70 

41 

03 

5S 

00 

58 

18 

57 

99 
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TABLE  11. — BegnauW s  Experiments  on  Steam  Pressure. 
(^Continued  to  page  445.) 


See  Plates 
83  and  84. 

Temperature 
centigrade. 


42-86 
43-65 
44-08 
44-38 
46-22 
47-00 
47-16 
48-99 
48-97 
48-99 
49-58 
51-21 
52-32 
53-49 
53-61 
56-81 
60-87 
62-04 
62-64 
65-80 
70-44 
71-44 
71-76 
75-25 
76-47 
78-95 
79-50 
80-11 
82-80 
83-06 
83-06 
84-15 
84-90 
86-6t3 
87-47 
89-74 
89-83 
90-68 


91-30 
92-18 
92-39 
93-65 
93-57 
94-02 
94-85 


Pressure  in  millimetres  of  mercury. 


Eegnault's 
Experiments. 


64 

66 

68 

69 

75 

79 

80 

87 

87 

87 

90 

97 

103 

109 

109 

128 

155 

163 

168 

194 

238 

248 

251 

292 

306 

340 

348 

356 

397 

401 

401 

419 

432 

462 

476 

519 

522 

539 


550 
569 
573 
604 
601 
610 
628 


13 
61 

18 
28 
87 
61 
19 
57 
59 
55 
06 
40 
80 
61 
90 
46 
25 
44 
62 
62 
20 
17 
75 
21 
53 
30 
16 
00 
44 
30 
29 
66 
29 
30 
46 
58 
02 
51 


e  <t> 

Calculation. 


Rcgnault's 
Formula. 


64- 

11 

66- 

78 

68- 

30 

69- 

39 

76- 

28 

79- 

39 

80- 

01 

87- 

76 

87- 

65 

87- 

78 

90- 

39 

98 

03 

103 

53 

109 

55 

110 

19 

128 

51 

155 

38 

163 

93 

168 

52 

194 

75 

238 

12 

248 

63 

252 

04 

292 

14 

307 

36 

340 

39 

34s 

10 

356 

88 

397 

50 

401 

63 

401 

68 

419 

28 

431 

82 

462 

56 

477 

44 

5-20 

■72 

529 

-47 

539 

-63 

552 

-26 

571 

-03 

575 

-42 

603 

-09 

603 

-26 

611 

-44 

630 

-52 

1 

63- 

90 

66- 

57 

68- 

08 

69- 

17 

76- 

04 

79 

11 

79- 

74 

87- 

44 

87 

36 

87 

45 

90 

10 

97 

71 

103 

15 

109 

22 

109 

88 

128 

13 

154 

91 

163 

47 

168 

05 

194 

30 

237 

58 

248 

04 

251 

49 

291 

59 

306 

83 

339 

79 

347 

50 

356 

28 

396 

93 

401 

06 

401 

15 

418 

•76 

431 

34 

462 

18 

477 

•01 

520 

•47 

.522 

•10 

539 

•20 

551 

•79 

570 

-73 

575 

-12 

602 

•87 

603 

•07 

611 

-31 

630 

28 
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TABLE  11. — Begnauli's  Experiments  on  Steam  Pressure. 
(^Concluded  from  page  442.) 


See  Plate  84. 

Pressure 

in  millimetres  of 

mercury. 

Temperature 

i   Eegnault's 

e  (p 

Regnault's 

centigrade. 

Experiments. 

Calculation. 

Formula. 

95-74 

1    651-43 

651-52 

651-43 

95 

81 

653 

04 

653 

01 

652 

75 

96 

76 

676 

22 

676 

16 

676 

08 

96 

84 

677 

91 

678 

24 

678 

16 

98 

73 

727 

13 

726 

14 

726 

11 

100 

00 

760 

00 

760 

00 

760 

00 

105 

07 

904 

59 

'  907 

93 

908 

54 

111 

66 

1131 

47 

1135 

5 

1136 

9 

122 

48 

1601 

2 

1608 

6 

1612 

6 

125 

70 

1779 

1 

1777 

3 

1782 

6 

128 

45 

1927 

S 

1932 

1 

1938 

1 

134 

51 

2316 

1 

2312 

8 

2320 

4 

138 

98 

2626 

3 

2630 

1 

2640 

0 

145 

26 

3127 

0 

3135 

0 

3147 

0 

150 

00 

3557 

2 

3565 

6 

3581 

2 

153 

90 

3944 

6 

3954 

1 

3972 

4 

157 

32 

4308 

9 

4322 

1 

4343 

7 

160 

60 

4704 

7 

4700 

6 

4723 

0 

161 

16 

4757 

48 

4767 

0 

4790 

8 

163 

83 

50S9 

0 

5098 

5 

5123 

9 

166 

99 

5505 

9 

5511 

8 

5540 

7 

167 

40 

5554 

8 

5569 

6 

5596 

4 

175 

63 

6765 

2 

6787 

6 

6818 

8 

179 

57 

7459 

1 

7440 

5 

7472 

5 

180 

23    , 

7561 

2 

7553 

0 

7586 

6 

182 

99    1 

8090 

0 

8044 

7 

8079 

0 

185 

65 

8569 

5 

8543 

1 

8577 

7 

186 

33    1 

8664 

3 

8672 

s 

8708 

0 

189 

07 

9206 

7 

9225 

5 

9259 

8 

192 

81 

10004 

0 

10001 

0 

10035 

0 

194 

46 

10356 

0 

10368 

0 

10399 

0 

203 

31    ' 

12433 

0 

12495 

0 

12516 

0 

208 

27    j 

13794 

0 

13828 

0 

13839 

0 

212 

19    ' 

14861 

0 

14957 

0 

14958 

0 

214 

79 

15770 

0 

15780 

0 

15737 

0 

216 

78 

16259 

0 

16375 

0 

16354 

0 

217 

08     1 

16352 

0 

16470 

0 

16448 

0 

217 

79 

16644 

0 

16700 

0 

16674 

0 

219 

93 

17346 

0 

17402 

0 

17367 

0 

220 

13 

17360 

0 

17470 

0 

17434 

0 

221 

36 

17803 

0 

17885 

0 

17844 

0 

222 

40 

18222 

0 

18247 

0 

18195 

0 

226 

85 

19760 

0 

19845 

0 

19759 

0 

227 

03 

19807 

0 

19912 

0 

19825 

0 

230-53 

211370 

21-246-0 

21126-0 
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curve  C,  for  ice-steam,  shows  v.Lat  difference  would  be  obtained  if 
the  same  6  4>  formula  were  used  as  for  water-steam.  The  curve  T 
shows  what  is  the  variation  for  one-tenth  of  one  degree.  Bearing 
iu  mind  what  is  the  scale  for  each  diagram,  any  one  can  easily 
appreciate  what  is  the  degree  of  corroboration  afforded  by  these 
experiments. 

The  formuhe  constructed  by  Eegnault  for  steam  pressures  are 
intended  to  represent  his  experimental  results  only,  and  they  are 
therefore  not  valid  beyond  the  range  of  temperatures  and  pressures 
observed  in  the  experiments.  The  method  of  calculation  now 
presented  has  been  arrived  at  by  definite  reasoning  upon  simple 
fundamental  principles.  These  principles  are  not  novel ;  the  first 
has  long  been  established  in  chemistry,  and  the  second  has  long 
been  accepted  as  applicable  to  perfect  gas.  There  has  also  been  a 
very  general  prevision  of  physicists  in  the  direction  of  a  wider 
application  of  these  principles.  In  this  paper  the  author  has  shown 
in  detail  the  general  method  according  to  which  they  can  be  applied 
to  every  change  of  aggregation  of  matter.  So  far  as  Kegnault's 
experiments  on  steam  can  be  considered  a  good  test  of  the  soundness 
of  the  method,  it  can  be  said  that  there  is  most  accurate  confirmation. 
It  will  therefore  be  interesting  to  give  here  some  examples  of  steam 
pressures  calculated  for  the  higher  temperatures  by  the  0  <f>  formula, 
which  however  is  valid  only  over  that  range  of  temperatures  for 
which  the  conditions  hold  good  that  the  heat  of  segregation  is 
constant  and  F  is  identical  with  F  j . 

The  critical  temperature  occurs  when  the  vertical  ordinate  of 
the  W  curve  for  actual  water  in  Fig.  12,  Plate  80,  has  swept  over  an 
area  equal  to  the  heat  of  segregation ;  that  is,  when  that  area  to  the 
right  of  the  intersection  with  the  gasene  curve  B  in  the  theta-phi 
diagram,  Fig.  24,  Plate  86,  is  equal  to  the  area  between  A  and  W  ; 
that  is  also,  when  the  W  curve  and  ths  entropy  curve  E  meet. 
M.  Caguiard-Latour  found  the  critical  tem2)erature  to  be  about  the 
temperature  of  melting  zinc,  say  415^  C.  or  688°  absolute.  The 
formula  for  FG  will  therefore  cease  to  be  applicable  beyond  that 
temperature.  As  it  is  not  known  within  a  few  degrees  what  the 
critical  temperature  really  is,  Table  12  is  carried  up  to  ^=700°, 
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TABLE  12. — Steam  Pressures  up  to  Critical  Temperature, 
calculated  h>/  6  <f)  formula. 


Temperatures. 

m^ 

Pressures. 

t 

e 

FG 

Pounds 
per  sq.  inch. 

Millimetres 
of  mercury. 

Kilogrammes 
per  sq.  metre. 

Centig. 

Centig. 

Lbs. 

mm. 

kg. 

230 

503 

0-01881 

406-9 

21042 

286090 

240 

513 

0-02102 

488-9 

25282 

343740 

250 

523 

0-02338 

579-9 

29988 

407720 

2G0 

533 

0-02687 

691-6 

35764 

486240 

280 

553 

0-03118 

940-0 

48613 

660940 

300 

573 

0-03695 

1261-8 

65250 

887140 

320 

593 

0-04315 

1661-9 

85939 

1168400 

340 

C13 

0-05000 

2156-2 

111504 

1516000 

360 

633 

0-05665 

2742-5 

141820 

1928200 

380 

653 

0-06385 

3448-1 

178310 

2424400 

400 

673 

0-07180 

4300-2 

222275 

3022100 

415 

688 

0-07747 

5017-1 

259450 

3527450 

427 

700 

0-08226 

5659-9 

292690 

3979350 

that  is  12^  above  the  temperature  of  melting  zinc.  These  pressures 
are  higher  than  those  obtained  by  Eegnault's  formula,  which  gives 
at  415^  C.  the  following : — 

t  6  Pounds  Millimetres  Kilogrammes 

Centig.       Centig.    per  square  inch.      of  mercury.         per  square  metre. 

415°  688^  4,067-1  210,321  2,859,510 

Of  course  the  formula  was  not  given  for  pressures  greater  than  one- 
tenth  of  the  above. 

That  portion  of  the  theta-phi  diagram  which  includes  the  area 
upon  which  the  steam  engine  works  is  shown  in  Fig.  24,  Plate  86. 
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Tlic  gross  pressures  in  pounds  per  square  inch  at  any  temperature 
are  given  numerically  upon  two  curves  which  cross  the  diagram 
near  the   top ;    the   pressure  of  the  atmosphere  is  included.     The 

auxiliary  curve  H  is  drawn  according  to  A  H  =  -    -   ,  ^,  =  AE  -^  x. 

*'  °  III  j>  a  d 

In  this  expression  p  is  the  pressure  of  saturated  steam,  and  H  is 
where  E  would  be  if  the  volume  of  saturated  steam  were  that  due 
to  the  temperature,  for  gascne  of  the  same  pressure.  The  /3  curve, 
shown  also  in  Fig.  25,  Plate  87,  is  used  along  with  the  H  curve ; 
it  is  drawn  as  follows  : — from  A  at  any  temperature  draw  a  vertical 
line  down  to  Z  in  the  base  line,  the  absolute  zero  of  temperature ; 
and  draw  an  oblique  straight  line  from  that  Z  point  up  to  H 
at  the  same  temperature ;  do  the  same  for  a  number  of  temperatures, 
thus  obtaining  a  number  of  oblique  lines ;  f3  is  then  drawn 
touching  these  oblique  lines.  Any  oblique  line  H  fS  drawn  down 
from  any  temperature  on  H  cuts  any  entropy  line  for  steam-at- 
the-same-temperature  at  a  temperature  proportionate  to  the  p  v 
for  the  state-point  of  that  entropy  line.  For  example,  in  Fig.  24 
the  entropy  line  cZ  is  drawn  for  saturated  steam  at  temperature 
440°.  An  oblique  line  H  (3  would  cut  c  Z  at  408°.  The  pv  oi 
steam  at  440°  absolute  is  therefore  less  than  the  p  v  due  to  gasene 
at  440°  in  the  same  proportion  that  408  is  less  than  440.  This 
proportionate  temperature   is   denoted    by  the   symbol   yS;  and   as 

1,386|  =  1,386  X  0-11136  =  154-345,  we  get  the  rule  15m3=pv 
in  foot-pounds.  When  the  graph  is  one  relating  to  moist  steam,  or 
when  there  is  initial  condensation,  the  (3  curve  is  very  convenient,  as 
/3  can  be  read  off  by  merely  laying  a  straight-edge  from  H  to  the 
(3  curve.  When  constructing  adiabatic  curves,  the  multiplication  by 
154 J  is  avoided  by  working  in  thermodynamic  units,  instead  of  iu 
foot-pounds :  that  is,  working  with  the  heat  unit  =  1,386  foot- 
pounds (page  400). 

Upon  Fig.  24,  Plate  86,  the  dotted  lines  exhibit  the  order  in 
which  ergation,  or  change  of  heat  into  mechanical  work,  proceeds 
in  a  perfect  steam  engine.  In  the  example  given,  the  gross  steam 
pressure  is  106  lbs.  per  square  inch ;  it  is  exjjanded  until  the 
pressure    falls*  to     10  lbs.,    and    it    is    then  exhausted   against    a 


July  1889.  EEGNAULT's    STEAM    EXPERIMENTS.  44D 

back   pressure   of   3  lbs.    per    square    inch.      The    feed   water    is 

supplied    at  333°  absolute.      Froui   temperature  333°,  denoted    by 

letter  m  on  the  primary  curve  A,  draw  a  vertical  line  mZ  down 

to    the    base    line,  the  absolute    zero   of    temperature.       The    area 

to    the   left   of    this   vertical    line   rej^resents    the    energy   already 

possessed    by    the     feed    water    at    that     temperature.        Through 

106  lbs.  on  the   pressure  curve  draw  a  horizontal  line   a   c   from 

A  to  E ;  a  c  is   seen  to    be   at    temperature    440°   absolute.     The 

intersection    of   this  line  with    the  intropy  curve  I  is    lettered   h. 

By  iutropy  is  meant  the  same  as  entropy,  only  that,  while  entropy 

includes   the  energy  of  the  p  v  oi  the    substance,  this  energy  is 

excluded  from  intropy.     The  initial  letters  E  and  I,  being  the  same 

as  for  external  and  internal,  serve  to  distinguish  the  meanings.     The 

intropy  curve  I  marks  off  at  any  temperature  what  heat  or  energy  is 

2 
possessed  by  saturated  steam.     At  any  temperature  I E  =  --  —  FG,  and 

5         5 
BI  =  —  —  -IT EG.      The  area  ^.lE  is  the  p  v  oi  the  steam;  it  is 

work  already  done,  and  it  is  therefore  no  longer  energy  possessed  by 
the  steam.  Draw  verticals  to  the  base  line  through  h  and  c.  The  p  v 
of  one  pound  weight  of  steam  at  440°  is  denoted  by  the  area  6. he. 
Through  10  lbs.  on  the  pressure  curve  draw  the  horizontal  temperature 
line  d  Ji,  that  is  at  temperature  363°.  Measure  /S  for  363°  on  c  Z,  and 
set  off//i  =  one-ninth  of  ^-f- 363.     Strictly  it  is  0-11136^3  -^363  ; 

but  if  the  molecular   weight  of  water   is   taken,  as  it   usually  is, 

2      1 
as  =  18,  then  r,  =  9  ;  and  then  also  we  have  p  v  =  154  /3.     Draw  the 

vertical  /  Z,  and  set  off  on  any  scale  h  k  =  10  lbs.   the  terminal 

pressure,  and  Jcl  =  3  lbs.   the  back  pressure ;  and   draw  a  vertical 

g  Z  through    I.     The  ergation,   or  change  of  heat  into  mechanical 

energy,   is  the  horizontal  band  a  did  plus    the    vertical  rectangle 

f  liTiTi.       The    loss   by   back    pressure    is   the  vertical   rectangle 

fgTiTi.     When  the  steam  wOiS  admitted,  the  work  done  was  6  c  Z  Z  ; 

during  expansion   the    intropy  point   travelled   from  h    down  to  /; 

and  if  we  suppose  the  right-angled  corner  of  a  set-square  to  move 

downwards  with  the  intropy   point   while  the  edges  are  horizontal 

and  vertical,  the    ergation   would    be    the    area    uncovered  by  the 

top  or  horizontal  edge  less  the  area  covered  by  the  vertical  edge. 
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The  author  has  called  the  latter  area  the  "  slip "  of  expansion. 
Forgetting  the  slip  is  a  common  mistake.  The  area  uncovered  by 
the  top  or  horizontal  edge  of  the  sot-square  as  it  travels  downwards 
is  the  work  due  to  the  heat  of  the  liquefaction  going  on.  The  slip 
is  the  p  dv  of  the  "  collapse  "  in  this  liquefaction.  The  ratio  of 
volume  to  initial  volume  at  any  instant  is  ft..  Pi  •  ^i  Pii  where 
p^  and  p.,  are  the  pressures,  and  /S^  and  /3.,  the  corresponding 
proportionate  temperatures  as  described  above.  "When  an  engine 
is  conditioned  to  a  certain  ratio  of  expansion  and  a  certain  initial 
pressure  and  a  certain  back  pressure,  say  those  assumed  iu  this 
example,  the  perfection  duty  of  such  an  engine  is  represented  by  the 
area  acZZg  d  per  pound  of  steam  supplied ;  and  any  fraction 
which  may  be  realised  of  this  duty  is  the  efficiency  of  the  engine 
in  relation  to  perfection. 

The  work,  and  the  heat  or  energy,  being  both  always  represented 
by  their  appropriate  areas  on  the  theta-phi  diagram,  the  non- 
mathematical  engineer  is  thereby  enabled  to  see  exactly  what  the 
thermodynamical  relations  and  possibilities  are  in  any  problem 
about  steam,  without  employing  any  complicated  mathematical 
expressions  which  are  likely  to  be  misunderstood  by  him. 
Perceiving  this  advantage,  the  author  has  therefore  persevered  in 
trying  to  overcome  the  difficulty  there  was  in  making  one  diagram- 
field  continuous  for  moist  steam  and  for  superheated  steam  ;  and  this 
he  has  now  accomplished  by  showing  that,  according  to  Eegnault's 
experiments,  saturated  steam  up  to  at  least  400  pounds  pressure  on 
the  square  inch  possesses  the  total  heat  of  segregation  at  all 
temperatures,  and  by  demonstrating  how  the  p  v  oi  steam  varies 
from  the  j)  v  of  gasene.  This  paper,  he  regrets,  is  not  written 
attractively,  and  it  must  be  uninteresting  to  the  greater  number 
of  those  who  hear  it  read.  Those  who  grasp  the  meaning  of  the 
investigation,  and  realise  what  an  extension  it  gives  to  the  definite 
application  of  the  Carnot-Clausius  Second  Law,  will,  it  is  thought, 
agree  with  the  author  that,  if  the  conclusions  he  has  arrived  at 
are  well  founded,  the  time  he  has  devoted  to  the  study  has  not 
been  misspent. 
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Discussion. 

Tlie  President  said  there  was  one  point  in  the  paper  (page  40G) 
"wliicli  concerned  all  engineers  intimately,  and  on  which  special  stress 
had  been  laid,  namely  the  ratio  of  the  specific  heat  of  air  at  constant 
volume  to  its  specific  heat  at  constant  pressure,  as  deduced  in  so 
remarkable  a  manner  from  the  velocity  of  sound.  Having  been  much 
struck  by  that  portion  of  the  paper,  he  had  taken  12 '387  cubic 
feet  as  the  volume  of  one  pound  weight  of  air  at  32°  Fahr.  under 
a  barometer  pressure  of  760  millimetres,  which  was  equal  to  14 '7  lbs. 
per  square  inch.*  Arranging  the  pound  of  air  in  a  column  1  foot 
square,  the  height  of  the  column  would  be  12*387  feet ;  and  raising 
its  temperature  one  degree,  its  volume  would  be  expanded  l-493rd, 
and  the  height  of  the  column  would  be  increased  0-025  foot,  that  is 
from  12-387  to  12-412  feet.  The  pressure  on  the  top  of  the  column 
being  14-7  lbs.  per  square  inch,  and  its  area  144  square  inches,  the 
work  so  done  would  be  14-7  x  144  x  0-025  =  53  ft.-lbs. ;  and  taking 
772  ft.-lbs.  as  equivalent  to  one  unit  of  heat,  or  the  heat  required  to 
raise  1  lb.  of  water  through  1°  Fahr.,  the  53  ft.-lbs.  represented 
0*069  unit  of  heat.  Now  the  specific  heat  of  air  at  constant  pressure, 
as  determined  by  Eegnault's  experiments,  was  0  •  238  ;  that  is  to 
say,  the  whole  quantity  of  heat  expended  in  raising  the  temperature 
of  the  1  lb.  of  air  through  1°  was  0-238  unit  of  heat.  But  this 
included  the  work  done  in  expanding  its  volume,  which  represented 
0-069  unit  of  heat ;  and  hence  the  specific  heat  at  constant  volume 
was  0-238  -  0-069  =  0-169.  The  ratio  of  the  specific  heat  at 
constant  pressure  to  that  at  constant  volume  was  therefore  0-238-^ 
0-169=  1-408. 

Carrying  on  the  same  idea  to  the  transmission  of  sound,  a  column 
of  air  of  18,454  feet  height  was  required  for  discharging  into  a  vacuum 
with  the  velocity  of  1,090  feet  j)er  second,  which  was  that  necessary 
for  transmitting  sound  by  vibration,  according  to  the  observations  of 
Arago,  Prony,  Humboldt,  and  others.     Such  a  velocity  thus  required 

*  See  "A  Practical  Treatise  on  Heat,"  by  Thomas  Box,  4tli  edition  ISSS, 
pages  6  to  9. 
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a  height  more  than  eighteen  times  that  of  the  Eiffel  tower.  But  Sir 
Isaac  Newton  by  independent  calculation  had  previously  come  to  the 
conclusion  that  the  velocity  necessary  for  the  transmission  of  sound 
was  only  917  feet  per  second,  which  corresponded  with  a  height  of 
air  column  of  only  13,110  feet.  To  Laplace  was  due  the  suggestion 
that  from  this  lower  height  had  been  omitted  altogether  the  work 
done  in  compressing  the  air  with  the  force  necessary  to  produce  the 
waves  of  sound ;  and  he  had  suspected  that  the  difference  between 
those  two  heights  of  18,454  feet  and  13,110  feet  might  represent  the 
work  done  in  the  compression,  whether  by  the  discharge  of  a  cannon, 
or  by  the  sound  of  the  voice,  or  by  a  flash  of  lightning,  displacing 
the  air  and  creating  its  movement,  and  not  only  doing  this  work 
but  absorbing  heat  in  doing  it.  Dividing  the  18,454  feet  by  the 
13,110  feet,  Laplace's  hypothesis  was  verified,  the  quotient  being 
1*408,  which  represented  the  ratio  of  the  specific  heat  of  air  at 
constant  pressure  to  its  specific  heat  at  constant  volume. 

Professor  Eyan  said  he  had  accompanied  the  author  on  the 
previous  day  to  the  College  de  France,  and  had  endeavoured  to 
assist  him  by  making  certain  observations  which  he  wished  to  put  on 
record  at  this  meeting.  The  observations  had  reference  to  page  401  of 
the  paper,  in  which  the  author  surmised  that  there  had  been  an  error 
in  the  recording  of  the  numbers  observed  by  Eegnault.  In  Table  1, 
given  on  pages  402  and  403,  the  numbers  contained  in  the  middle 
column  E  showed  the  difference  between  those  in  columns  C  and  D. 
Commencing  with  42  •  2  grammes,  it  would  be  seen  that  the  numbers 
in  column  E  consisted  usually  of  two  figures  before  the  decimal 
point,  but  there  were  occasionally  three  figures ;  and  in  the  case  of 
the  last  seven  in  particular  the  figures  were  very  high,  beginning 
with  447*8  grammes  in  No,  34  and  ending  with  397 '6  in  No.  40. 
The  author  imagined  that  these  seven  numbers  ^vere  wrong,  because 
they  differed  so  much  from  the  others.  So  far  as  he  understood, 
these  numbers  were  not  furnished  in  Eeguault's  researches,  but 
were  here  calculated  by  the  author  from  the  numbers  furnished 
by  Eegnault.  The  total  weight  of  water  involved  in  Eegnault's 
determination  of  the  specific  heat  of  water  was  given  in  column  C, 
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and  its  excess  above  the  capacity  of  the  calorimeter  up  to  the  zero 
line  was  given  in  column  E :  this  excess  being  an  additional  weight 
of  water,  which,  owing  to  the  exigencies  of  the  experiments,  was  left  in 
the  gauge-glass  at  the  top  of  the  calorimeter  wherein  the  experiments 
were  made.  The  water  in  the  calorimeter  stood  in  one  experiment 
at  one  height  in  the  gauge-glass,  and  in  another  at  another  height,  in 
accordance  with  the  differences  C  —  D,  which  were  given  in  column  E. 
The  author  thought  that  Eegnault  had  got  the  weights  of  the  water 
correct,  and  that  his  conclusions  were  correct ;  but  that  the  numbers 
given  in  his  report  had  been  furnished  probably  by  some  assistant, 
who  had  perhaps  not  been  familiar  with  the  exact  experiments  and 
had  made  some  errors  in  calculation.  Particularly  the  author 
suggested,  in  page  401,  that  the  difference  in  the  sign  of  tt  in  the 
formula  there  quoted  from  page  739  of  Eegnault's  report  might 
account  for  the  discrepancy.  The  interesting  point  therefore  was  to 
see  whether  or  not  the  actual  gauge-glass  would  really  hold  so  much 
water  as  was  shown  in  column  E  of  Table  1. 

On  going  to  the  College  they  had  discovered  after  some  difficulty 
the  particular  vessel  that  had  been  used.  Eegnault's  apparatus 
was  carefully  preserved  there,  and  any  portion  of  it  could  be  seen : 
which  was  a  great  boon  to  scientific  men  of  all  nationalities,  who 
might  wish  to  examine  it.  But  the  particular  vessel  they  had  been 
in  search  of  was  one  which  was  not  included  in  that  classic 
collection ;  and  they  had  had  to  hunt  about  to  try  and  discover  it. 
Many  vessels  were  submitted  to  their  inspection  before  they  found 
the  actual  one  ;  and  when  they  did  find  it,  they  saw  that  it  had 
been  subjected  to  alterations.  The  others  had  been  carefully 
preserved,  but  this  particular  vessel  had  been  altered,  possibly  by 
Eegnault  himself,  or  possibly  by  some  successor.  There  was  great 
difficulty  in  identifying  it,  but  they  had  succeeded  in  doing  so 
completely,  so  that  he  had  no  doubt  it  was  the  correct  one,  the 
chief  dimensions  corresponding  exactly  with  the  picture  given  by 
Eegnault.  It  was  a  cylinder  with  two  conical  ends ;  the  openings, 
such  as  remained,  corresponded  with  those  in  the  depicted  vessel, 
while  the  places  could  be  seen  where  pieces  of  zinc  had  been  put 
on   to   cover  up  the  missing  apertures.      The  opening  at    the  top 
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of  the  vessel  was  the  one  with  which  they  were  concerned ;  it  was  a 
tubular  nozzle,  on  which  had  been  placed  the  gauge-glass  containing 
the  excess  water  whose  weight  and  volume  were  in  question.  On 
taking  the  measurements  from  the  actual  drawing  given  by  Regnault, 
they  found  that  the  gauge-glass  would  not  contain  more  than  400 
grammes  of  water  if  filled  to  the  top,  without  making  allowance  for 
the  stirring  rod,  and  for  the  fact  that  the  experimenter  in  stirring 
woiild  shake  the  water  and  throw  some  over  the  sides  if  the  glass 
were  filled  quite  full.  A  careful  man  like  Eegnault  would  therefore 
not  have  allowed  it  to  be  filled  to  the  brim.  As  400  grammes  of 
water  appeared  to  be  the  utmost  that  could  be  contained  in  the  vessel, 
the  author's  conclusion  (page  404)  that  447  was  erroneous  was  borne 
out  by  the  published  diagram.  But  when  they  got  the  actual  vessel 
itself  and  made  measurements  of  it,  they  found  that  the  possibilities 
were  even  more  restricted  than  appeared  from  the  drawing.  In  the 
latter  the  outside  diameter  of  the  gauge-glass  was  5  •  92  centimetres, 
and  the  inside  diameter  would  come  to  something  like  5 -47 
centimetres,  while  the  height  was  given  in  the  drawing  as  16-84 
centimetres ;  roughly  therefore  39G  grammes  was  the  utmost  weight 
of  water  that  might  be  contained  in  it.  But  taking  the  actual  vessel, 
the  internal  diameter  of  the  glass,  which  was  slipped  over  the 
outside  of  the  tubular  nozzle,  must  have  been  about  3-8  centimetres  ; 
and  the  calculation  with  that  diameter  gave  about  191  grammes  as 
the  extreme  amount  of  water  the  glass  could  contain.  In  his 
researches  Eegnault  had  stated  that  the  gauge-glass  was  graduated 
in  divisions,  each  of  which  corresponded  with  1*98  gramme  of 
water.  If  therefore  the  glass  was  divided  into  a  hundred  parts,  its 
whole  capacity  would  be  198  grammes,  instead  of  191  as  calculated 
by  himself.  At  all  events  it  was  impossible  that  the  sketch  could  be 
correct,  because  the  sketch  gave  5  •  92  centimetres  outside  diameter 
for  the  tubular  nozzle,  and  the  zinc  vessel  though  altered  could  not 
have  had  a  hole  of  that  size  filled  up  without  the  patch  being  distinctly 
visible.  The  zinc  vessel  was  continuous  all  round  the  bottom  of 
the  existing  tubular  nozzle  of  3  •  8  centimetres  outside  diameter ;  and 
therefore  the  original  tubular  nozzle  might  have  been  less  than 
3  •  8  centimetres  in  diameter,  but  could  not  possibly  have  been  more. 
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Hence  tlie  extreme  weight  of  water  would  be  less  than  200  grammes, 
and  consequently  all  the  numbers  given  in  column  E  of  Table  1 
above  that  amount  were  certainly  too  large.  The  importance  of 
this  conclusion  he  would  leave  the  author  to  point  out.  As  a 
matter  of  fact  the  author  believed  that  it  did  not  affect  Kegnault's 
actual  calculations. 

The  results  set  forth  in  the  present  paper  appeared  to  be  deduced 
from  a  basis  laid  down  in  a  previous  one  read  before  another 
society ;  and  while  the  present  paper  gave  interesting  practical 
conclusions,  the  previous  one,  so  far  as  he  could  judge  by  description, 
seemed  much  more  captivating.  The  author  had  concluded  his 
present  paper  with  the  exj)ression  of  an  opinion  in  respect  of  which 
he  thought  all  would  sympathize  with  him,  as  it  was  almost 
impossible  to  write  a  paper  full  of  mathematical  symbols  in  an 
attractive  manner ;  but  the  earlier  paper  he  thought  would  be  freer 
from  this  objection.  He  looked  forward  to  seeing  the  preliminary 
calculations  in  the  earlier  paper,  as  the  value  of  all  the  rest  would 
depend  on  them  ;  while  without  them  it  would  be  almost  impossible 
to  come  to  a  conclusion  with  regard  to  the  true  value  of  the  present 
contribution.  But  whether  the  author  was  right  or  wrong,  he  would 
have  done  good  service  to  science  in  general  by  bringing  these 
matters  forward.  He  was  showing  engineers  that  they  need  not  for 
ever  consent  to  remain  in  ignorance,  and  to  regard  the  phenomena  and 
operations  of  steam  as  something  mysterious  and  incomprehensible. 
Those  phenomena  must  depend  on  certain  elementary  mechanical 
principles  in  nature  ;  and  some  such  elementary  principles  were  clear 
in  the  mind  of  the  author,  if  they  were  not  yet  clear  to  others. 
He  was  therefore  rendering  service  to  science  in  laying  open  the 
workings  of  his  own  mind,  in  order  that  others  might  estimate 
the  value  of  his  conclusions,  to  correct  him  where  he  was  wrong, 
and  appreciate  him  where  he  was  right.  He  was  indeed  following  in 
the  steps  of  Newton,  because  it  was  Newton  who  had  first  suggested 
the  theory  that  universal  gravitation  might  be  due  to  a  gravitating 
ether  surrounding  all  bodies.  For  himself  he  was  certainly  charmed 
by  the  way  in  which  the  author,  whether  rightly  or  wrongly, 
had   evolved  from  that  simple   Newtonian  hypothesis  the  different 
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libenomena  of  tho  forces  of  nature — gravitation,  chemical  affinity, 
cohesion,  and  others.  It  was  an  interesting  study,  even  if  it  was  not 
at  present  entirely  satisfactory.  He  might  recall  the  fact  that 
Bankine  himself  had  started  with  a  mechanical  hypothesis  of  a 
somewhat  similar  kind — not  similar  in  details,  but  similar  in  its 
general  character — in  his  attenii)t  to  evolve  the  phenomena  of 
thermodynamics  from  elementary  mechanical  princii)les.  It  was 
true  he  had  afterwards  abandoned  that  attempt,  and  had  fallen  back 
on  elementary  laws,  such  as  the  second  law  of  thermodynamics  ;  and 
his  effort  had  therefore  to  a  certain  extent  failed.  Whether  or  not 
the  author  would  succeed  in  converting  the  present  generation 
of  jjhysical  investigators  to  his  methods  of  deducing  familiar 
consequences,  no  one  could  foretell. 

The  only  criticism  which  he  was  inclined  to  offer  at  the  moment 
with  regard  to  the  present  paper  was  that  it  had  the  appearance  of 
setting  forth  in  page  413  a  new  second  law  of  thermodynamics. 
Already  a  good  many  second  laws  had  been  promulgated,  and  the 
present  paper  seemed  to  be  adding  to  the  number.  He  knew  the 
author  differed  from  him  on  that  point  and  would  show  good  cause. 
As  expressed  by  Clausius  the  law  appeared  to  him  to  be  the  simple 
elementary  statement  that  heat  could  not  of  itself  without  compensation 
pass  from  a  cold  body  to  a  hot  body ;  no  mathematical  quantitative 
statement  was  necessary,  but  a  simple  elementary  principle  had  to  be 
presumed,  from  which  all  the  rest  might  be  derived.  A  law  of 
nature  he  regarded  as  something  more  than  a  mere  collocation  of 
facts,  such  as  was  implied  in  a  curve  which  was  merely  the  locus  of 
"  characteristic  state-points  "  ;  it  was  something  which  should  involve 
those  mathematical  deductions,  in  so  far  as  they  might  be  shown  to 
follow  from  the  law. 

To  the  lucid  explanation  given  by  the  President  of  the  importance 
of  the  ratio  of  the  two  specific  heats  of  air,  he  might  be  permitted 
to  add  a  word.  He  had  shown  why  the  velocity  of  sound  as 
calculated  by  Newton  was  inaccurate.  The  elasticity  of  the  air  was 
altered  by  the  heat  changes,  in  the  way  the  President  had  shown: 
the  heat  developed  in  the  condensation  increasing  the  elasticity  of 
the  air,  while  that  absorbed  in  the  rarefaction  diminished  it.     The 
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result  was  tliat  the  sound  travelled  more  quickly  than  it  otherwise 
would  do ;  for,  as  Professor  Tyndall  had  pictured  it,  the  spring 
behind  the  particles  of  air  might  be  imagined  to  be  stiffened  and  the 
spring  in  front  to  be  slackened. 

Professor  Alexander  B.  W.  Kennedy,  Member  of  Council,  wished, 
as  far  as  he  could,  to  express  his  recognition  of  the  value  of  the  sort 
of  work  on  which  the  author  had  so  long  been  engaged,  and  of  the 
importance  of  the  direction  in  which  he  was  now  leading  them.     If 
he  rightly  understood  the  present  paper  from  the  steam-engine  point 
of  view,  which  was  the  point  of  view  whence  he  regarded  it,  the 
author's  results  might  be  summed  up  somewhat  as  follows : — that 
having   adopted   a  certain   molecular   hypothesis,  or   a   mechanical 
hypothesis  as  Professor  Ryan  had  called  it  (page  456),  he  believed  he 
could  substitute  certain  thermodynamic  expressions  in  place  of  the 
empirical  equations  received  from  Eegnault,  which  had  hitherto  been 
used  for  expressing  the  relation  of  temperature  to  pressure  in  steam, 
or  the  total  quantity  of  heat  possessed  by  steam.     Those  substituted 
expressions  were  given  in  various  parts  of  the  paper,  and  they  would 
be   seen   to   be    really   thermodynamic  expressions,   that  is,  based 
upon  physical  laws,  and  not  containing  in  the  same  way  as  former 
equations  had  contained  the  merely  empirical   quantities  deduced 
from   experiment.      This   was   of  course  a   result   of    the   highest 
importance,  for  the  sake  of  obtaining  which  Members  might  well  be 
glad  to  see  in  the  Proceedings  a  paper  containing  a  larger  amount 
of  differential  and  integral  calculus  than  usually  appeared  therein. 
It  would  be  presumptuous  on  his  part  to  attempt  to  criticize  the 
paper  at  all,  because  he  had  not  been  able  to  attend  the  meeting  of 
the  Naval  Architects  at  which  the  author's  original  paper  had  been 
read,  and  as  that  paper  had  not  yet  been  published  he  had  not  had 
an  opportunity  of  reading  it.     The  author  had  very  properly  and 
candidly  commenced  the  present  paper  with  the  conclusions  he  had 
arrived  at  in  the  former ;  and  it  was  only  right  that  the  Members 
should   recognize   the   great    importance   of   the    results  which  he 
appeared  to  have  obtained.    He  used  the  expression  that  those  results 
appeared  to  have  been  obtained,  not  as  throwing  the  slightest  doubt 
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upon  tlicm,  but  because  ho  had  not  been  able  himself  to  go  through 
the  processes  by  which  they  had  been  obtained. 

In  regard  to  the  theta-phi  diagram,  about  which  he  had  heard  for 
a  great  many  years,  he  believed  that  one  of  his  university  colleagues 
had  received  it  from  the  author  many  years  ago,  and  had  been 
teaching  it  ever  since.  It  had  been  partly  published  recently  in 
the  Proceedings  of  the  Institution  of  Civil  Engineers  (1888,  vol. 
xciii,  page  134)  ;  and  he  was  so  charmed  with  it  that  he  should  put 
it  to  all  the  uses  he  could,  which  ho  expected  would  be  a  great  many. 
He  should  be  further  helped  in  this  respect  if  the  author  would 
kindly  give  some  examples  of  his  own  as  to  its  use. 

In  the  author's  reply  he  should  be  glad  if  he  would  explain  with 
regard  to  some  of  the  complete  expressions  in  the  paper  —  such 
as  that  on  page  418  for  the  relation  of  j)ressure  and  temperature  of 
steam,  and  that  on  page  432  for  the  total  quantity  of  heat  in  steam — 
to  what  extent  the  decimals  might  be  thrown  aside  :  because  it  was 
of  course  a  tedious  process  to  work  with  numbers  containing  seven 
significant  figures.  No  doubt  the  author  could  state  how  many  of 
those  figures  would  sensibly  affect  the  result,  not  from  a  physical 
but  from  a  practical  point  of  view. 

If  the  author  could  only  have  used  a  few  more  of  the  expressions 
which  were  common  among  engineers,  and  a  few  less  of  the  improved 
expressions  introduced  in  the  paper,  he  thought  it  would  have  been 
a  good  deal  easier  to  follow  him.  His  own  greatest  difiiculty  in 
understanding  the  work  had  been  to  get  fully  into  his  head  the 
meaning  of  the  several  new  expressions  used.  He  was  quite 
prepared  to  believe  that  they  were  improvements  on  the  old  ones,  so 
far  as  he  had  seen  ;  but  he  thought  the  author,  who  had  had  this 
difficult  subject  in  his  mind  for  so  many  years,  hardly  realised  how 
much  its  difficulty  was  increased  for  others  by  the  new  expressions 
introduced.  Most,  though  not  all,  of  the  single  ideas  which  had 
here  been  brought  together  in  so  original  a  manner  were  more  or 
less  familiar,  and  there  were  more  or  less  clumsy  names  for  a  great 
many  of  them ;  and  it  would  therefore  have  been  easier,  if  not  so 
scientifically  satisfactory,  had  the  author  found  himself  able  to 
continue  the  use  of  the   older  names.      This  was  not  intended  as 
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criticism  on  tlie  matter  of  the  paper,  but  only  on  its  manner  ;  and 
he  was  induced  to  offer  it  because  of  the  difficulty  lie  bad  himself 
felt  in  following  the  paper.  He  had  heard  it  said  that  this 
Institution  ought  not  to  have  a  paper  of  such  a  theoretical  kind 
in  the  Proceedings ;  for  himself  however  he  must  hold  another 
opinion.  He  was  very  glad  that  at  one  and  the  same  meeting 
the  Members  were  able  to  show  themselves  as  mechanical  engineers 
sufficiently  catholic  to  accept  with  real  honest  gratitude  a  paper  like 
the  present,  however  difficult  it  might  be  to  understand,  for  the  sake 
of  the  originality  of  its  treatment  and  the  importance  of  its  results  : 
and  to  accept  also  a  j)aper  like  Mr.  Paget's,  embodying  in  an  almost 
ideal  form  the  work  of  the  mechanical  engineer  in  the  direction  of 
mechanism.  When  they  could  thus  consider  in  the  course  of  one 
meeting  gasene  and  aquene  and  the  warp-weaver,  he  thought  they 
showed  that  the  mechanical  engineer's  work  covered  pretty  much 
all  that  was  worth  doing  in  the  whole  range  of  applied  mechanics. 

Professor  H.  S.  Hele  Shaw  felt  that  full  justice  had  scarcely 
been  done  to  the  author,  notwithstanding  that  the  two  previous 
speakers  had  each  of  them  borne  testimony  to  the  nature  and  value 
of  his  work ;  but  his  work  covered  such  a  vast  amount  of  ground 
that  the  author  might  naturally  be  desirous  of  having  some  sort 
of  expression  of  aj^proval  from  those  who  were  supposed  to  have 
made  a  study  of  the  more  scientific  part  of  it.  Engineering 
professors  might  often  have  to  hide  their  diminished  heads  on 
practical  questions,  and  to  admit  that  they  knew  little  about  the 
practical  bearing  of  many  subjects;  but  on  other  questions  they 
might  be  expected  to  contribute  whatever  they  might  know.  In 
reading  the  paper — like  others,  without  getting  to  the  bottom  of  it, 
for  it  would  take  a  much  longer  time  to  do  that  than  he  had  been 
able  to  devote  to  it — he  had  not  been  able  to  find  a  single  statement 
to  which  he  could  take  exception.  The  author's  previous  paper  also 
he  had  during  this  meeting  had  the  opportunity  of  reading  ;  but  it  did 
not  come  into  the  present  discussion,  and  therefore  he  would  not 
allude  to  it  further  than  to  say  that  it  was  a  paper  of  the  greatest 
interest,   and   he   only  wished  he  had  had  it  in  his  hands  before. 


460  regnault's  steam  experiments.  July  1889. 

( Professor  H.  S.  Ilele  Shaw.) 

As  Professor  Kennedy  Lad  remarked  (page  457),  the  practical 
importance  of  the  present  paper  lay  in  tlie  fact  that  it  attempted  to 
ciilculate,  and  as  a  matter  of  fact  did  calculate,  upon  first  principles 
t  lose  results  wLicL  Lad  LitLerto  been  arrived  at  by  empirical 
formulro,  namely  tLe  results  obtained  experimentally  by  Eegnault, 
who  Lad  merely  attempted  to  find  some  ex2)ression  wLicL  would  fit 
them.  TLose  wLo  were  accustomed  to  teacL  tLe  subject  of  tLermo- 
dynamics  Lad  to  construct  curves  of  tLe  action  of  tLe  steam  engine 
under  all  sorts  of  conditions ;  sucL  curves  Lad  first  been  elaborated 
1  y  Professor  Cotterill  in  Lis  work  on  tLe  steam  engine,  and  were 
regularly  drawn  at  tLe  Koyal  Naval  College  at  GreenwicL,  and 
elsewLere.  It  was  simply  necessary  to  take  tLe  tables  of  Eegnault 
as  tLey  stood,  and  to  depend  entirely  uj)on  tLese  for  plotting  tLe 
carves.  But  tLe  autLor  Lad  now  sLown  Low,  instead  of  Laving 
recourse  to  large  tables  wLicL  it  was  not  always  possible  to  obtain, 
formulae  might  be  used  for  arriving  at  tLe  same  results.  If  Le  could 
simplify  tLe  formula)  still  furtLer,  every  one  would  be  grateful  to 
Lim.  TLe  long  and  complete  Table  11  in  pages  442  to  445 
depended  upon  tLe  formula  given  in  page  440,  wLicL  no  one  could 
easily  carry  in  Lis  Lead ;  and  if  it  could  be  simplified  it  would  be  a 
great  advantage.  TLe  most  valuable  feature  of  tLe  paper  was  tLe 
tLeta-pLi  diagram,  wLerein  tLe  curve  AA  was  tLe  one  on  wLicL  tLe 
autLor  laid  so  mucL  stress.  In  dealing  witL  tLe  energy  of  steam,  it 
had  LitLerto  been  necessary  to  integrate,  by  mecLanical  means  known 
to  every  engineer,  a  curve  representing  tLe  pressure  in  relation 
to  tLe  volume,  in  order  to  find  tLe  area  of  wLat  tLe  autLor  called 
the  })  V  diagram.  TLe  tLeta-pLi  diagram  Le  Lad  not  before  seen 
drawn ;  and  altLougL  in  Clerk  Maxwell's  work  on  tLermodynamics 
and  elsewLere  tLe  two  elements  from  wLicL  tLis  diagram  was 
constructed  were  dealt  witL  togetLer,  still  Le  Lad  only  now  for  tLe 
firdt  time  seen  tLem  tLus  combined  in  a  most  interesting  and  Le 
believed  a  practically  valuable  manner.  TLe  point  on  wLicL  stress 
was  rigLtly  laid  in  tLis  diagram  was  tLe  use  tLat  engineers  might 
be  able  to  make  of  it  for  practical  purposes ;  for  by  meaus  of  the 
curves  here  drawn  tLe  energy  of  tLe  steam  could  be  determined 
as  a  simple  matter  of  measurement  witLout  calculation,  instead  of 
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having   to  calculate  an   area   from   a  number  of  measurements   of 
curves. 

Mr.  Jeeemiah  Head,  Past-President,  considered  that  questions 
such  as  those  involved  in  the  present  paper  came  especially  within 
the  province  of  such  Members  as  the  three  professors  who  had  just 
spoken.  He  regarded  them  as  the  legislators  or  lawgivers  of  the 
engineering  profession.  The  business  of  the  bulk  of  the  Members 
was  more  analogous  to  that  of  the  administrators  of  the  law.  It 
was  seldom  that  the  two  functions  were  found  combined  in  the  same 
person.  But  engineers  in  general  were  none  the  less  grateful  to 
men  like  the  author,  who  ascertained  the  laws  of  nature  which  they 
could  afterwards  apply  for  themselves ;  and  he  had  seen  enough  of 
the  paper  to  be  quite  sure  that  it  was  an  exceedingly  valuable  one. 
It  came  also  most  opportunely  at  the  present  time,  when  so  much 
attention  was  being  given  to  getting  more  work  in  the  shape  of 
power  out  of  the  fuel  burnt.  It  was  rather  a  sad  thing  to  reflect 
upon  that,  out  of  the  total  heat  capable  of  being  developed  from  the 
coal  burnt,  not  much  more  than  half  was  utilised  in  the  boiler,  and 
not  much  more  than  ten  per  cent,  in  the  final  work  done.  This 
showed  that  there  was  still  great  room  for  saving;  and  it  was  the 
boimden  duty  of  engineers,  with  the  help  of  men  like  the  author,  to 
give  all  the  attention  they  possibly  could  to  the  subject,  so  that  they 
might  not  waste  the  fuel  resources  of  their  own  and  other  countries ; 
because  when  once  the  world  had  used  up  its  fuel  he  did  not  know 
what  would  become  of  engineering. 

Mr.  Aethur  Paget,  Vice-President,  wished  to  call  attention  to 
the  opinion  expressed  by  Professor  Eyan  (page  455)  that  it  was  very 
difficult  to  come  to  a  conclusion  with  regard  to  the  true  value  of 
the  present  paper,  in  the  absence  of  the  author's  earlier  j)aj)er  read 
to  the  Institution  of  Naval  Architects  on  11th  April  last.  Professor 
Kennedy  had  followed  with  a  remark  to  much  the  same  effect ;  while 
Professor  Shaw,  who  had  enjoyed  the  advantage  of  reading  the 
earlier  paper,  though  after  the  present  one,  had  expressed  the  wish 
(page  459)  that  he  had  had  it  before.   He  therefore  begged  to  propose 
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that  the  author  be  asked  to  grant  his  permission,  and  to  obtain 
the  permission  also  of  the  Institution  of  Naval  Architects,  for  the 
earlier  paper,  forming  the  theoretical  foundation  on  which  the 
structure  of  the  present  had  been  erected,  to  be  jiublislied  also  in 
the  Proceedings  of  the  Institution  of  Mechanical  Engineers.  In 
the  case  of  a  paper  of  such  importance,  and  one  which  so  many  of 
the  Members  found  it  difficult  to  understand,  it  appeared  to  him 
highly  desirable  that  they  should  have  the  opportunity  in  their  quiet 
moments  of  fully  studying  it,  which  they  would  not  be  able  to  do 
unless  they  had  the  other  paper  before  them.  They  were  not  all 
members  of  the  Institution  of  Naval  Architects ;  and  it  might 
therefore  be  difficult  for  them  otherwise  to  get  the  earlier  paper  for 
the  purpose  of  referring  to  it  in  connection  with  the  present  one. 

Mr.  Head  had  much  pleasure  in  seconding  the  motion  proposed 
by  Mr.  Paget.  The  request  seemed  a  reasonable  one,  and  he  had  no 
doubt  that  both  the  author  and  the  Institution  of  Naval  Architects 
would  gladly  accede  to  it. 

The  President  gathered  from  the  aj)plause  with  which  the  motion 
was  received  that  no  amendment  would  be  proposed.  He  therefore 
l>ut  the  motion  to  the  meeting,  and  it  was  unanimously  adopted. 

Mr.  J.  Macfarlane  Gray  said  he  had  no  objection  to  the 
publication  of  the  earlier  paper  in  the  Proceedings  of  this  Institution ; 
and  the  Institution  of  Naval  Architects  he  was  sure  would  have 
no  objection.  He  had  had  a  good  deal  of  corresj)ondeuce  with 
the  President  about  the  ether  pressure,  and  had  been  much 
gratified  to  find  that  he  had  taken  so  much  interest  in  the  matter. 
The  President  had  asked  for  explanations  of  various  matters  which 
had  not  been  made  quite  clear  ;  and  he  desired  to  thank  him  for  the 
l^ains  he  had  now  taken  to  help  on  the  discussion  by  the  remarks  he 
had  made.  He  thanked  Professor  Eyan  for  having  accompanied  him 
to  the  College  de  France  to  see  Eegnault's  apparatus,  and  for  having 
verified  the  statement  made  about  the  gauge-glass  in  the  paper ; 
Professor  Eyan  had  shown  that  he  was  really  as  much  taken  up  with 


I 


July  1889.  REGNAULT's    STEAM    EXPERIMENTS.  463 

the  subject  as  liimself.  He  also  thanked  Professor  Hele  Shaw  for 
the  interest  he  had  taken  in  the  matter.  In  regard  to  his  not  having 
previously  seen  the  theta-phi  diagram  for  water,  steam,  and  steam- 
gas,  the  diagram  was  new  to  himself  in  almost  its  present  form  in 
1879,  and  as  far  as  he  then  knew  it  was  an  original  production. 
For  two  or  three  years  before  that  date  he  had  employed  the  same 
ordinates  in  his  own  studies ;  and  he  had  since  learnt  that  others  had 
done  the  same  for  gas.  The  diagrams  with  the  lines  A  B  C  G  K 
and  P,  Plates  80  and  86,  had  been  exhibited  as  a  wall  diagram  when 
his  1880  paper  was  read  before  the  Institution  of  Naval  Architects. 
He  had  then  been  told  that  Professor  J.  Willard  Gibbs  of  Connecticut 
had  published  the  diagram  some  years  before.  On  obtaining  from 
America  a  copy  of  Professor  Gibbs'  paper  he  found  it  was  entitled 
"Graphical  Methods  in  the  Thermodynamics  of  Fluids."  It  was 
contained  in  the  Transactions  of  the  Connecticut  Academy  of  Arts 
and  Sciences,  Vol.  II,  Part  2,  pages  309-342,  date  April  1873. 
The  first  paragraph  of  the  paper  very  well  explained  its  object : — 
"  Although  geometrical  representations  of  propositions  in  the 
thermodynamics  of  fluids  are  in  general  use,  and  have  done  good 
service  in  disseminating  clear  notions  in  this  science,  yet  they  have 
by  no  means  received  the  extension  in  respect  to  variety  and 
generality  of  which  they  are  capable.  So  far  as  regards  a  general 
graphical  method,  which  can  exhibit  at  once  all  the  thermodynamic 
properties  of  a  fluid  concerned  in  reversible  processes,  and  serve 
alike  for  the  demonstration  of  general  theorems  and  the  numerical 
solution  of  particular  problems,  it  is  the  general  if  not  the  universal 
practice  to  use  diagrams  in  which  the  rectilinear  co-ordinates 
represent  volume  and  pressure.  The  object  of  this  article  is  to  call 
attention  to  certain  diagrams  of  difi"erent  construction,  which  afford 
graphical  methods  co-extensive  in  their  applications  with  that  in 
ordinary  use,  and  preferable  to  it  in  many  cases  in  respect  of 
distinctness  or  of  convenience."  And  in  page  317: — "Such  diagrams 
may  of  course  be  produced  by  an  infinity  of  difiierent  methods,  as 
there  is  no  limit  to  the  ways  of  deforming  a  plane  figure  without 
altering  the  magnitude  of  its  elements.  Among  these  methods,  two 
are  especially  important, — the  ordinary  method  in  which  the  volume 
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and  pressure  are  represented  by  rectilinear  co-ordinates,  and  that  in 
which  the  entropy  and  temperature  are  so  represented."  The  author 
then  proceeded  to  show  the  advantages  of  the  entropy-temperature 
method;  but  he  drew  (page  325)  only  one  line  of  the  theta-phi 
diagram  given  in  the  present  paper,  namely  a  portion  of  the  A  curve 
without  distinguishing  between  aquene  and  water.  Professor  Gibbs' 
paper  was  a  very  high-class  production,  revelling  in  mathematics  ; 
and  it  showed  that  the  advantages  of  the  theta-phi  system  of  ordinates 
were  therefore  well  known  to  Professor  Gibbs  years  before  he  had 
liimself  worked  at  it.  He  therefore  did  not  claim  novelty  for  the 
co-ordinates  adopted  :  what  he  did  claim  was  that  he  had  done  what 
others  had  only  said  could  be  done,  namely  determined  and  drawn 
for  practical  use  by  engineers  the  curves  A,  B,  C,  I,  E,  F,  G,  H, 
constituting  the  theta-phi  diagram  for  water  and  steam.  Plates  80  and 
86.  The  originator  of  the  system  of  entropy-temperature  co-ordinates 
might  however  be  said  to  be  Sadi  Carnot,  a  relative  of  the  President 
of  the  French  Eepublic,  who  in  his  essay,  "  Eeflexions  sur  la  puissance 
motrice  du  feu,"  had  brought  forward  the  analogy  of  the  water-wheel 
to  illustrate  the  action  of  heat,  his  idea  being  that  the  effect  of  heat 
in  doing  work  in  a  heat  engine  was  related  to  the  heat  expended  in 
the  same  manner  that  the  work  done  by  water  on  a  wheel  was  related 
to  the  whole  height  of  the  fall.  The  theta-phi  diagram  was  merely 
the  same  idea  represented  graphically.  About  the  time  that  he  read 
Carnot's  work,  he  had  occasion  to  write  something  on  the  same 
subject,  and  he  then  gave  the  water-wheel  illustration  in  the 
following  form.  If  water  on  a  water-wheel  was  to  represent 
correctly  and  proportionately  the  efficiency  of  any  heat  engine,  we 
might  regard  the  source  of  power  as  the  work  of  imps,  provided  by 
nature,  who  pumped  all  the  water  used  on  the  wheel  from  a  pit  in 
which  the  level  of  the  water  was  constantly  273  feet  below  the  level 
of  the  sea.  The  wheels  were  on  a  j)lateau,  whose  drainage  level 
was  about  50  feet  above  the  level  of  the  sea.  The  imps  pumped 
from  the  pit  only,  and  never  from  the  tail  race.  If  we  wished 
to  apply  the  tail-race  water,  we  must  do  the  pimiping  by  the 
wheels;  the  imps  would  not  do  that  for  us  direct.  The  tail 
race  was  therefore  more   than    50   feet   above   the   sea  level.     On 
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the  tlieta-plii  diagram,  the  273  was  the  absolute  temperature 
of  melting  ice,  and  the  50  was  the  temperature  (above  273°)  of 
a  cool  condenser  of  a  steam  engine ;  and  all  the  heat  applied  was 
always  put  into  the  working  substance  the  ivll  height  from  the 
bottom  of  the  pit,  or  absolute  zero,  up  to  the  height  of  the 
temperatiu'e  at  which  it  was  received,  and  there  was  no  way  of 
getting  out  of  that  waste  of  imp  labour.  The  height  at  which  the 
water  was  apjjlied  on  the  wheel  was  the  temperature  at  which  the 
working  substance  received  the  heat.  The  A  curve  on  the  diagram 
showed  the  different  heights  at  which  different  portions  of  the  water 
were  ajjplied  on  the  wheel,  or  the  dilFerent  amounts  of  heating  of  the 
feed.  The  latent  heat  of  evaporation  was  delivered  on  the  wheel  all 
at  the  same  height,  as  denoted  by  the  particular  temperature  line 
from  A  to  E.  It  was  in  this  way  he  had  first  been  led  to  make  the 
theta-jihi  diagram.  The  danger  of  this  illustration  was  that  the 
water  pumped  by  the  imps  denoted  heat,  not  water ;  and  the  water 
denoting  heat,  and  the  actual  water  to  be  heated,  were  likely  to  be 
confounded  one  with  the  other  in  the  mind  ;  and  thereby  it  was  also 
likely  to  be  thought  that  to  superheat  steam  would  raise  the  efficiency 
of  all  the  heat  applied.  This  was  not  so,  for  only  the  heat 
which  superheated  had  its  efficiency  increased  according  to  the 
temperatures  at  which  its  respective  portions  were  imparted  to  the 
working  substance. 

In  regard  to  Professor  Kennedy's  enquiry  (page  458)  about  doing 
away  with  some  of  the  figures  after  the  decimal  points  in  the  formulae, 
his  object  had  not  been  to  make  handier  rules  for  steam  pressure, 
but  to  discover  why  these  pressures  were  so  in  nature,  and  how  they 
were  related  to  the  laws  of  matter  and  motion.  The  experiments  of 
Eegnault  had  been  taken  as  a  reliable  account  of  what  these 
pressures  were ;  and  the  results  of  the  calculations  given  in  the  paper 
were  practically  identical  with  those  experiments.  The  exact 
temperatui'e  at  the  high  temperatures  was  not  known  with  certainty 
within  one-fourth  of  a  degree ;  and  the  difference  at  the  highest 
temperatui-es  in  Fig.  22,  Plate  84,  did  not  exceed  that  amount.  In 
Fig.  21,  Plate  83,  the  divergence  seemed  to  be  greater,  but  the  scale 
was  different ;  here  each  of  the  divisions  represented  the  pressure  of 
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l-250tli  of  an  inch  of  a  column  of  mcrcuiy.  From  30^  centigrade 
below  freezing-point  up  to  within  10**  of  boiliug-point  it  would  be 
seen  that  the  pressures  arrived  at  by  the  theta-phi  calculation  did 
not  vary  by  one  millimetre  or  l-25th  inch  of  mercury  from  the 
pressures  obtained  in  Eegnault's  experiments.  There  was  a  great 
difficulty  in  ascertaining  what  was  really  the  temperature ;  Eegnault's 
experiments  varied  from  one  another  as  much  as  any  of  them  varied 
from  the  theta-phi  calculation.  Professor  Hele  Shaw  had  spoken 
(page  4G0)  of  simplifying  the^formula3  for  practical  purposes.  The 
complicated  formulce  given  in  the  paper  were  those  rec^uired  for  the 
construction  and  verification  of  the  permanent  curves  of  the  theta-phi 
diagram.  For  practical  purposes  the  diagram  would  be  procurable 
ready-made,  and  practical  problems  would  be  solved  principally  if 
not  entirely  by  drawing  a  few  straight  lines  on  the  ready-made 
diagram.  He  would  give  one  example : — find  the  momentary  value 
of  the  index  «  in  p  v^  =  constant,  for  any  specified  position  in  the 
expansion  of  steam,  say  at  the  termination  of  the  expansion  proper 
in  the  example  given  in  Fig.  24,  Plate  86,  that  is,  for  the  entropy 
point  li  or  introj)y  point  /.  Continue  dh  to  the  point  H  on  the  H 
curve,  Fig.  25,  Plate  87  ;  and  from  the  point  H  draw  a  tangent  to 
the  curve  ;8,  cutting  /iZ  in  S,  the  tangent  point  being  E.  From  S 
set  off  downwards  ST,  equal  to  nine  times  dli  -  2  x  1-312  =  11-808 
on  any  convenient  scale.  Join  ET  and  continue  to  V  on  the  vertical 
drawn  downwards  from  the  point  H.  Draw  HW  downwards  as  a 
tangent  to  the  H  curve  at  the  point  H.  Draw  YW  parallel  to  EH. 
Draw  the  horizontal  line  WU  cutting  HV  in  U.  The  length  of 
HU  =  w  =  8-84  on  the  same  scale  as  was  employed  for  ST. 

In  the  theta-phi  diagram  for  practical  use  the  scale  was  fourfold 
that  of  Figs.  24  and  25,  Plates  86  and  87.  The  numbers  0-1, 
0-2,  &c.,  on  the  273  temperature  line  denoted  entropy  0,  measured 
from  the  A273  vertical ;  and  all  the  calculations  in  the  paper,  namely 
those  for  OA,  OB,  OF,  OG,  OP,  were  worked  out  in  terms  of  entropy 

as  marked  on  this  scale.  The  --  e  log  -^  in  the  pressure  formula 
(page  439)  was  FP  measured  on  the  same  scale  of  entropy ;  and  the 
FG  column  in  Table  5  (page  430)  was  also  according  to  the  same 
scale.     The  numerical  utility  of  entropy  would  be  better  appreciated 
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on  working  out  the  different  calculations.  In  Table  13  were  given 
the  abscissfe  or  entropy  values  <^  for  the  several  curves  A,  B,  E,  F, 
G,  H,  P,  in  the  theta-phi  diagram,  Fig.  24,  Plate  86,  corresponding 
with  successive  values  of  the  absolute  temperature  6  from  273^  up  to 
513°  centig,,  by  means  of  which  these  curves  could  be  constructed. 
For  practical  use  the  three  curves  A,  E,  H,  were  alone  necessary, 
for  which  the  entropy  numbers  <^  were  given  in  the  columns 
headed  OA,  OE,  OH  respectively  in  Table  13, 
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What  lie  hail  hiid  down  in  the  thota-phi  diagram  did  not  differ 
from  Professor  Clerk  Maxwell's  conclusions.  There  was  only  one 
second  law  of  thermodynamics,  though  it  was  expressed  somewhat 
differently  in  the  present  paper  (page  413)  with  a  view  to  rendering 
it  more  acceptable  for  practical  purposes. 

The  President  was  sure  they  all  felt  greatly  indebted  to  Mr. 
Macfarlane  Gray  for  his  very  able  paper,  though  some  might  think 
it  also  very  abstruse.  There  were  points  in  it  which  might  well 
form  the  subject  of  study  in  detail,  and  by  which  engineers  might 
profit,  hoping  some  day  or  other  to  be  able  to  comprehend  fully  the 
ideas  that  were  in  the  author's  mind,  which  were  far  larger  than  he 
had  set  forth  in  the  present  paper.  It  was  clear  from  the  references 
made  to  his  earlier  paper  that  his  grasp  of  physical  laws  was  far 
greater  than  anything  that  had  been  brought  forwards  in  the  present 
paper  in  connection  with  the  subject  of  steam.  He  trusted  therefore 
they  would  have  the  privilege  of  publishing  that  earlier  paper  in 
their  own  Proceedings.*  The  author  had  cheerfully  expressed  his 
willingness ;  and  it  would  be  only  courteous  to  the  Institution  of 
Naval  Architects  to  ask  their  concurrence.  He  proposed  a  warm 
vote  of  thanks  to  Mr.  Gray  for  having  given  in  this  paper  the  results 
of  eighteen  years  of  study. 


*  See  pages  379-394. 
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There  are  tliree  chief  methods  or  principles  of  making  fabric  or 
cloth  or  tissue  from  yarns  or  threads. 

The  method  best  known  and  most  used  is  that  of  ordinary  weaving 
with  a  "  warp  "  and  a  "  weft,"  the  warp  running  longitudinally  in 
the  fabric  and  the  weft  transversely,  as  shown  in  Fig.  51,  Plate  100. 

The  next  best  known  and  probably  the  next  most  used  is 
"  knitting  "  properly  so  called  ;  that  is,  knitting  together  or  weaving 
or  interlacing  a  single  thread  of  weft  only,  Fig.  52,  as  in  hand- 
knitted  goods  such  as  stockings,  socks,  vests,  drawers,  and  articles 
of  underwear  generally.  In  some  machines  more  than  one  thread  is 
used  in  knitting;  and  then  it  is  as  it  were  an  interweaving  or 
interlacing  of  "  weft-threads,"  knitted  to  and  fro  across  the  length 
of  the  fabric,  without  any  "  warp-threads  "  running  longitudinally. 

The  least  known  and  probably  hitherto  the  least  used  system  of 
weaving  is  what  is  known  as  "  warp-weaving "  or  knitting.  This 
system  is  the  weaving  or  knitting  together  or  interlacing  of  a 
number  of  "  warp-threads  "  only,  woven  or  knitted  together  along  the 
length  of  the  fabric,  as  shown  in  Fig.  53,  without  the  use  of  any  weft 
running  transversely. 

Ordinary  woven  fabrics  are  woven  of  a  certain  width  in  parallel 
lengths,  and  the  fabric  has  afterwards  to  be  cut  and  shaped  into 
articles  of  clothing  or  whatever  shaped  articles  may  be  required. 
Hitherto  the  only  method  known  of  making  fabrics  which  are 
shaped  in  weaving  them,  for  articles  of  clothing  and  the  like,  has 
been  by  knitting ;  and  the  fabrics  are  then  shaped  (or  "  fashioned  " 
as  it  is  called  in  the  trade)  by  methods  fully  explained  in  a  paper 
read  by  the  writer  at  the  meeting  of  this  Institution  at  Nottingham 
in  1870,  and  published  in  the  Proceedings  for  that  year  (page  127). 
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In  tlio  present  paper  it  will  be  shown  that  sucli  shaped  goods  can 
now  be  made  by  warp-weaving  or  knitting ;  and  a  raacbine  which 
efiects  this  is  the  special  subject  of  this  paper. 

In  this  machine  the  threads  are  woven  or  interlaced  by  the 
immediate  touch  or  action  of  three  parts,  which  for  convenience  are 
called  the  three  primary  parts.  These  are — the  troughs  A,  shown 
in  Figs.  3  to  7,  Plate  88 ;  the  needles  B,  shown  in  Figs.  1  and  2  ; 
and  the  hooks  C,  shown  in  Figs.  8  and  9.  It  will  be  more  easy  to 
understand  the  machine,  if  the  manner  in  which  these  three 
primary  parts  act  upon  the  threads,  so  as  to  weave  the  fabric,  is 
first  described ;  their  respective  positions  in  the  machine  are  shown 
in  the  full-size  transverse  section,  Fig.  15,  Plate  89. 

There  is  one  of  each  of  these  three  primary  parts  to  each  thread 
in  the  width  of  the  fabric  to  be  woven,  and  at  least  one  additional 
needle.  Thus  if  the  loom  is  weaving  1000  threads,  then  for  weaving 
the  simplest  and  most  usual  fabric  there  will  be  1000  troughs, 
1001  needles,  and  1000  hooks. 

All  the  warp-threads  to  be  woven  are  ordinarily  wound  upon  a 
weaver's  beam,  in  the  usual  manner  of  preparing  a  warp  for  an 
ordinary  loom,  and  the  beam  is  hung  upon  an  axle  in  bearings 
above  the  warp-weaving  machine  ;  or  in  some  cases,  as  will  be 
described  later  on,  the  threads  are  taken  direct  from  the  cops, 
spools,  cones,  or  bobbins,  on  which  the  yarn  is  delivered  by  the 
spinner.  Each  thread  of  the  warp  is  led  downwards  from  the  beam, 
and  is  passed  into  and  through  a  trough.  In  Figs.  16  to  20, 
Plate  90,  these  primary  parts  are  shown  in  five  different  positions 
in  their  cycle  of  movements,  drawn  double  full  size. 

Each  trough  A  when  at  rest  is  equidistant  between  the  stems  of 
the  needles  B  on  each  side  of  it,  and  so  that  the  lowest  part  of  the 
lips  of  the  lower  orifices  of  the  row  of  troughs  is  just  (and  only  just) 
above  the  tops  of  the  stems  of  the  row  of  needles.  Thus  it  will  be 
seen  that,  when  the  vow  of  troughs  is  moved  sideways  (say  to  the 
left),  over  and  across  the  row  of  needles.  Fig.  16,  Plate  90,  exactly 
as  far  as  the  distance  between  the  centres  of  two  contiguous  needles, 
each  thread  will   be  laid  across  and  over  the  stem  of  one  needle. 
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The  needles  then  move  backwards  or  retire,  Fig.  17,  so  far  that  the 
point  of  the  beard  of  each  needle  passes  over  the  thread  which  has 
been  laid  across  its  stem. 

The  beard  of  each  needle  is  then  pressed  into  the  eye  or  groove 
of  the  needle,  Fig.  18,  Plate  90,  by  a  pressor,  which  will  afterwards 
be  described;  while  the  point  of  the  beard  of  each  needle  passes 
into  and  safely  through  the  loop  of  the  fabric.  Fig.  19,  which  is  on 
the  stems  of  the  needles  in  front  of  the  hooks  C.  Then  the  needle 
retires  further,  so  that  its  head  passes  a  certain  distance  behind  the 
face  or  front  of  the  row  of  hooks.  Thus  a  certain  length  of  thread 
is  pulled  by  each  needle  against  the  face  of  each  hook,  and  through 
each  trough  from  the  beam  of  warp,  and  through  the  loop  of  the 
fabric  which  was  on  the  stem  of  the  needle,  and  which  is  drawn  over 
the  head  of  the  needle  by  the  hook.  While  the  heads  of  the  needles 
are  behind  the  troughs,  the  troughs  are  again  moved  sideways  (this 
time  to  the  right)  into  their  former  position. 

The  row  of  hooks  is  then  made  to  descend,  so  that  the  underside 
of  the  bend  at  the  top  of  each  hook  just  presses  on  each  thread ;  and 
then  the  needles  are  made  to  advance  and  the  hooks  to  descend 
simultaneously,  Fig.  20,  Plate  90,  so  that  the  loops  already  pulled 
by  the  needles  are  held  down  by  the  hooks,  while  the  row  of  needles 
continues  to  advance  to  their  former  position.  This  completes  the 
cycle  of  motions  of  the  three  primary  parts,  which  is  effected  by  each 
revolution  of  the  main  shaft  of  the  machine. 

Now  if,  during  the  next  revolution  of  the  main  shaft,  the  row  of 
troughs  were  made  to  move  sideways  again  over  the  needles  (this 
time  to  the  left)  and  then  back  to  their  first  position  as  before 
described,  then  each  needle  in  the  machine  would  make  each  thread 
into  a  chain,  by  drawing  one  loop  of  each  thread  through  the 
previously  made  loop  of  the  same  thread ;  and  thus  a  machine  with 
1000  needles  would  make  a  set  of  1000  chains,  one  chain  being 
made  of  each  thread  in  the  machine ;  but  as  each  chain  would  be 
quite  independent  of  the  contiguous  chain  on  each  side  of  it,  the 
machine  would  not  make  a  cloth  or  woven  fabric. 

But  if,  after  the  row  of  troughs  has  been  made  to  move  sideways 
one  needle  to  the  left,  so  as  to  lay  the  threads  over  the  needles  as 
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before  described,  the  troughs  are  made  to  move  again  in  the  same 
direction  to  the  extent  of  one  needle  more  before  the  needles  again 
come  forward  to  receive  a  fresh  row  of  loops,  then  each  thread  will 
be  passed  under  the  needle  next  to  the  left  of  that  on  which  the  last 
loop  was  formed.  Then  if  the  row  of  troughs  be  made  to  move  one 
needle  back  to  the  right,  each  thread  will  form  a  loop  on  the  needle 
next  to  the  left  of  that  on  which  the  first  loop  was  formed.  Then 
if,  before  the  needles  again  come  forward  to  receive  a  fresh  row  of 
loops,  the  row  of  troughs  be  again  moved  to  the  right,  each  thread 
will  be  passed  over  the  needle  upon  which  the  first  loop  was 
made,  ready  to  form  a  loop  upon  it  again.  Thus  each  thread 
forms  a  loop,  first  on  one  needle,  then  on  the  one  next  to  it,  then 
back  again  on  the  first,  and  so  on.  Thus  a  cloth  or  woven  fabric 
is  formed. 

In  goods  made  with  stripes  of  different-coloured  threads,  the 
alternations  of  a  certain  number  of  movements  of  the  troughs  to  the 
right,  and  then  a  certain  number  to  the  left,  may  be  made  to  produce 
a  number  of  stripes,  either  straight  or  in  various  kinds  of  zigzags. 

To  vary  the  closeness  of  the  weaving,  it  is  only  necessary  that 
the  distances  to  which  the  row  of  needles  and  the  row  of  hooks  retire 
should  be  varied  ;  thus  shorter  or  longer  loops  will  be  pulled  by  the 
needles  and  held  by  the  hooks,  and  so  a  more  or  less  closely  woven 
fabric  will  be  produced.  In  an  ordinary  loom  with  a  warp  and  a 
weft,  if  the  closeness  of  the  weaving,  or  the  closeness  with  which 
the  threads  of  the  weft  are  laid,  were  to  be  altered,  the  fabric 
would  be  woven  more  or  less  open,  but  its  width  would  not  be 
appreciably  altered.  But  warp-woven  fabrics  have  a  different 
property  or  nature  :  so  that,  if  the  machine  is  weaving  a  fabric 
of  a  certain  yarn  on  a  certain  number  of  needles  with  a  certain 
closeness  of  weaving  (that  is,  with  a  certain  length  of  loops),  and 
if  the  machine  be  then  altered  so  as  to  draw  slightly  longer  loops 
and  so  weave  slightly  more  open,  then  the  width  of  the  fabric  is  at 
once  materiallyj  increased.  It  is  by  using  this  property  of  the 
warp-woven  fabrics  that  this  machine  has  been  rendered  able  when 
desired  to  shape  the  fabrics  while  they  are  being  woven,  that  is,  to 
increase  or  diminish  their  width  during  the  operation  of  weaving. 
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How  tlie  various  necessary  movements  are  communicated  from 
the  main  shaft  of  the  machine  to  the  three  primary  parts,  will  now 
be  described  in  connection  with  the  drawings,  Plates  88  to  99. 

Troughs. — Each  trough  A  is  attached  to  the  trough-bar  Al, 
Fig.  15,  Plate  89,  by  being  driven  into  a  suitable  groove  in  the 
bar ;  and  the  walls  of  the  grooves  are  then  partly  bent  over  and 
partly  riveted  over,  so  as  to  secure  the  troughs  on  the  bar.  The 
trough-bar  is  bolted  to  the  trough-slide-bar  A2,  which  hangs  on  the 
vee-shaped  part  of  the  main  bar  E,  and  slides  to  and  fro  upon  it. 
The  trough-bar  is  adjusted  in  height  by  the  screws  A3,  so  that 
the  lower  lips  or  orifices  of  the  troughs  will  just  pass  over  the 
stems  of  the  needles,  as  close  to  them  as  possible,  so  as  not  to  touch 
them,  but  to  allow  only  just  sufficient  room  for  the  threads  to  pass 
between  the  troughs  and  the  needles.  On  the  back  of  the  trough- 
slide-bar  A2,  Figs.  24  and  25,  Plate  93,  there  is  a  toothed  rack,  into 
which  gears  a  small  toothed  sector  A4  attached  to  the  bottom  of  a 
vertical  spindle;  to  the  top  of  the  spindle  is  attached  a  larger 
sector,  at  the  left  side  of  which  are  ratchet-teeth  A5,  while  at  the 
right  side  are  ratchet-teeth  A6,  acting  contrariwise  to  the  teeth  at 
the  left  side.  The  pitches  of  the  teeth  on  the  two  sectors  and  on 
the  rack  are  so  arranged  that,  when  the  ratchet-sector  is  turned  one 
tooth  to  the  right,  the  trough-bar  is  moved  one  needle  to  the  left, 
and  vice  versa. 

Two  chisel-shaped  ratchets  A7  and  A8  are  attached  to  the 
triangular  ratchet-frame  A9,  Plate  93,  so  that,  according  to  the 
position  sideways  of  the  ratohet-frame,  either  but  not  both  of  the 
ratchets  will  act  upon  the  ratchet-teeth  when  the  triangular  frame  is 
moved  forwards  by  the  cam  AlO  on  the  main  shaft  F  ;  and  will  move 
the  trough-bar  either  one  needle  to  the  right  or  one  needle  to  the 
left,  in  accordance  with  the  position  sideways  in  which  the  ratchets 
are  held  by  the  frame.  There  is  a  wedge-shaped  spring-latch  All 
acting  upon  a  projecting  wedge-shaped  stud  on  the  underside  of  the 
ratchet-frame,  which  allows  the  frame  to  be  moved  either  to  the 
right  or  to  the  left,  so  as  to  put  into  action  either  the  left  or  the 
right   ratchet ;   and  then  to  keep  in  action  whichever  is   put   into 
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action,  until  the  frame  is  again  moved  sideways  in  the  opposite 
direction.  To  the  upper  surface  of  the  ratchet-sector  there  is 
attached  at  the  left  side  an  inclined  finger  A12,  and  another  similar 
finger  A13  is  attached  at  the  right  side.  These  fingers  can  be 
adjusted  at  such  a  distance  from  each  other  that,  when  the  right 
ratchet  has  turned  the  ratchet-sector  say  two  teeth  to  the  right,  then, 
while  the  ratchet-frame  is  retiring  in  its  backward  stroke,  the  left 
projecting  stud  A14  on  the  top  of  the  ratchet-frame  will  come  in 
contact  with  the  left  finger  A12,  and  will  push  the  ratchet-frame 
over  to  the  right,  whereby  the  right  ratchet  will  be  put  out  of 
action  and  the  left  ratchet  will  come  into  action.  Similarly,  when 
the  ratchet-sector  has  been  turned  two  teeth  to  the  left,  the  right 
finger  A13  will  act  upon  the  corresponding  right  projecting  stud 
A15,  and  will  push  the  frame  over  to  the  left ;  and  so  on.  Thus 
the  trough-bar  and  troughs  will  be  shifted  two  needles  to  the  left 
for  one  revolution  of  the  main  shaft,  and  then  two  needles  to  the 
right  for  the  next  revolution  ;  and  so  on. 

At  the  end  of  each  traverse  of  the  trough-bar  it  is  absolutely 
necessary  that  each  trough  should  stop  and  remain  at  the  exact 
centre  of  one  of  the  spaces  between  the  needles ;  and  this  is  eftected 
in  the  following  manner.  On  the  front  face  of  the  right-hand  end 
of  the  trough-slide-bar  A2,  Figs.  28  and  29,  Plate  94,  there  is 
formed  a  row  of  wedge-shaped  teeth  A16,  of  the  same  pitch  as  the 
needles  of  the  machine ;  and  facing  these  is  formed  a  corresponding 
set  of  wedge-shaped  teeth  on  a  bar  A17,  which  is  hinged  by  a  spring 
to  a  projection  El  on  the  main  bar  E.  When  the  trough-slid e-bar 
is  completing  its  traverse,  the  set  of  teeth  on  the  hinged  bar  A17 
is  pressed  towards  and  against  the  set  of  teeth  A16  on  the  trough- 
slide-bar;  and  the  two  sets  of  teeth  are  so  arranged  that,  when 
they  are  engaged  and  pressed  together,  the  trough-slide-bar  must 
take  and  keep  its  exact  longitudinal  position.  The  hinged  bar  is 
pressed  forwards  against  the  trough-slide-bar  by  the  lever  A18, 
Figs.  26  and  27,  which  is  actuated  at  the  right  times  by  the  cam  A19 
on  the  main  shaft  F. 

There  is  a  further  apparatus  attached  to  the  machine  for  enabling 
the    varying    zigzag    stripes    before    mentioned    to    be   made    by 
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controlling  the  movements  of  the  ratchet-frame  and  the  trough-bar 
to  the  left  and  to  the  right  in  varying  orders  according  to  a  certain 
plan  fixed  beforehand. 

Needles. — The  needles  B  are  held  at  their  back  ends  by  hinged 
plates  B2,  which  press  them  into  grooves  and  holes  in  the  needle- 
bar  Bl,  Fig.  15,  Plate  89.  This  bar  is  held  at  the  back  by  two 
joints  B3,  which  are  attached  by  joint-pins  to  the  two  arms  B4 
of  the  rocking-shaft  B5,  Plates  91,  92,  and  95  ;  the  ends  of  the 
shaft  rock  in  bearings  in  the  end  frames  or  legs  H  of  the  machine. 
The  upper  ends  of  the  two  rocking  arms  B4  carry  two  bowls  B6, 
each  of  which  is  pushed  forwards  by  a  cam  B7  on  the  main 
shaft  F;  and  the  bowls  are  pulled  backwards  by  the  springs  B8, 
which  pull  the  needle-bar  Bl  backwards.  The  extent  of  the 
backward  movement  of  the  bowls,  and  of  the  consequent  backward 
movement  of  the  needle-bar  and  needles,  is  controlled  by  two  double 
needle-controlling  hooked  stops  B9,  which  take  hold  of  and  stop 
the  four  projections  BIO,  two  on  each  rocking  arm  B4.  The 
positions  of  the  stops  B9  are  controlled  by  the  two  wedges  Bll, 
which  are  attached  to  the  bar  B12  that  slides  longitudinally  in 
bearings  attached  to  the  machine.  Thus  it  will  be  seen  that,  by 
sliding  the  bar  B12  and  its  wedges  to  and  fro  longitudinally, 
the  distance  of  the  backward  movement  of  the  needles  is  easily 
controlled. 

The  front  ends  of  the  needles  rest  and  slide  upon  the  grooved 
top  of  the  knocking-over  bar  D,  Fig.  15,  Plate  89,  which  is  held 
at  each  end  by  the  legs  or  end  frames  H  of  the  machine. 

Presser. — When  the  needles  have  moved  backwards  so  far  that 
the  points  of  their  beards  are  safely  over  the  threads  laid  across 
their  stems,  Fig.  17,  Plate  90,  then  the  presser  B13  is  caused  to 
descend,  but  only  so  far  that  its  rounded  lower  edge  presses  upon 
the  beards.  Fig.  18,  and  holds  their  points  down  in  the  eyes  or 
grooves  of  the  needles,  until  the  points  of  the  beards  are  safely 
entered  into  and  have  passed  through  the  loops  last  made  of  the 
fabric.     The  presser  then  rises,  so  as  not  to  touch  the  needles  or 
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their  beards,  Figs.  19  and  20 ;  and  it  remains  in  this  raised  position 
until  the  needles  have  come  forward,  Fig.  IG,  and  the  troughs 
are  again  about  to  traverse  across  the  needle-stems.  Now  it  is 
evident  that,  if  a  needle  should  be  slightly  strained  and  raised,  so 
that  it  does  not  rest  upon  the  bottom  of  its  groove  in  the  knocking- 
over  bar  D,  the  trough  which  has  to  traverse  over  this  needle  might 
push  the  needle-stem  to  one  side  and  break  the  needle,  and  possibly 
also  the  trough.  In  order  to  prevent  this,  before  the  troughs  traverse 
over  the  needle-stems  the  presser  B13  is  made  to  descend  further 
than  before,  so  as  to  press  all  the  needle-stems  dov/n  against  the 
bottoms  of  the  grooves  in  the  knocking-over  bar  D,  Fig.  16,  so  that 
then  all  the  troughs  can  safely  traverse  over  all  the  needles.  "When 
they  have  done  so,  the  presser  rises  again.  Fig.  17,  so  as  to  be  clear 
above  the  needle-beards  until  they  have  again  retired  to  the  right 
position  for  being  pressed. 

The  presser  B13  has  six  arms  B14,  Figs.  11  and  12,  Plate  88, 
which  project  backwards  and  under  the  main  bar  E,  Fig.  22, 
Plate  91,  and  are  hinged  by  pivots  to  brackets  B15,  attached 
to  the  back  of  the  main  bar  E.  Springs  B16,  attached  at  the  lower 
end  to  the  arms  B14:  and  at  the  top  end  to  a  longitudinal  bar  T, 
Fig.  21,  tend  always  to  lift  the  presser  upwards. 

On  the  top  of  the  presser  B13  are  formed  wedge-shaped  surfaces 
B17,  Figs.  32  to  36,  Plate  96 ;  and  acting  ui)on  these  are  other 
wedge-shaped  surfaces  formed  on  the  underside  of  a  longitudinal 
bar  B18,  the  upper  face  of  which  bears  and  slides  against  the 
under  surface  of  the  main  bar  E.  If  this  bar  is  traversed  endways 
to  the  left  in  the  direction  of  the  arrow  in  Fig.  35,  the  combined 
action  of  the  two  sets  of  wedges  will  cause  the  presser  B13  to  descend; 
whereas  if  the  bar  is  traversed  to  the  right  in  the  direction  of  the 
arrow  in  Fig.  33,  the  wedges  will  be  withdrawn  and  the  presser  will 
be  lifted  by  the  springs  B16.  The  traversing  of  the  bar  to  and  fro 
endways  is  eflfected  by  the  cam  B19  acting  uj)on  the  two  bowls 
which  are  shown  at  the  end  of  the  bar  in  Fig.  23,  Plate  92,  and  in 
Figs.  40  to  42,  Plate  97. 

It  will  be  seen  that  the  wedges  which  actuate  the  presser  B13 
have  a  strong  tendency  to  bend  or  curve  the  main  bar  E  upwards 
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between  its  two  ends  where  it  is  secured  to  tlie  main  framing  H 
of  the  macliine.  The  presser  also  has  a  strong  tendency  to  bend 
or  curve  downwards  in  a  similar  manner  the  knocking-over  bar  D ; 
for,  although  the  power  required  to  press  the  beard  of  one 
needle  into  its  groove  is  small,  the  power  required  to  press 
the  beards  of  the  whole  1008  needles  into  their  grooves  is  very 
large.  If  the  combined  curvature  of  these  two  bars  were  to 
amount  in  the  middle  of  the  width  of  the  machine  to  as  much  as 
one-fiftieth  of  an  inch  (that  is,  one-hundredth  of  an  inch  for  each 
bar),  this  would  be  sufficient  to  make  the  difference  between  pressing 
the  beards  thoroughly  and  properly,  and  entirely  failing  to  press 
them.  It  is  necessary  therefore,  in  order  to  enable  a  machine  of 
this  class  to  make  cloth  in  one  width  (of  7  feet  as  in  this  machine), 
that  the  bar  E  and  the  bar  D  should  be  held  together  firmly 
and  strongly,  without  in  any  way  interfering  with  the  continuity 
of  the  row  of  needles.  This  is  effected  by  the  connectors  N,  Fig.  15, 
Plate  89,  which  are  made  of  steel  plate  of  the  shape  shown, 
each  being  thin  enough  to  pass  easily  between  any  two  needles  in 
the  row.  The  upper  ends  of  these  connectors  N  hook  into  a  groove 
in  the  main  bar  E,  and  are  held  there  by  the  piece  of  brass  E2 
and  by  solder.  The  hook  at  the  lower  end  of  the  connector  N  hooks 
into  a  groove  in  the  knocking-over  bar  D.  It  will  thus  be  seen  that, 
in  order  to  hold  together  with  great  firmness  and  rigidity  the  main 
bar  E  and  the  knocking-over  bar  D,  and  to  prevent  these  two  bars 
from  being  sprung  apart,  and  thus  to  insure  the  accurate  and  perfect 
pressing  of  all  the  row  of  needles,  it  is  only  necessary  to  insert  a 
sufficient  number  of  these  connectors  between  the  needles,  at 
convenient  distances  apart  along  the  whole  width  of  the  machine. 

Hooks. — The  row  of  hooks  C  is  held  by  the  hook-plates  CI  in 
the  hook-bar  C2,  Fig.  15,  Plate  89,  in  the  same  way  as  the  needles 
are  held  in  their  bar.  The  hook-bar  C2  has  attached  to  its  lower 
edge  two  arms  C3,  Fig.  21,  Plate  91,  which  are  jointed  by  pins  to 
the  two  arms  C4  of  the  rocking-shaft  C5 ;  at  the  other  end  of  each  of 
these  rocking  arms  is  a  bowl  C6,  which  is  moved  backwards  by  a  cam 
C7  on  the  main  shaft  F.     The  springs  C8,  which  are  attached  at 
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their  upper  ends  to  the  hook-bar  C2  and  at  their  lower  ends  to  a 
fixed  bar,  pull  the  hook-bar  and  row  of  hooks  downwards,  and 
so  keep  the  bowls  C6  always  pulled  forwards  and  pressed  against 
the  cams.  The  extent  of  the  downward  movement  of  the  row 
of  hooks  is  controlled  by  the  two  double  hook-controlling  stops 
C9,  which  take  hold  of  and  stop  the  four  projections  CIO,  two 
attached  to  each  of  the  arms  C-i.  The  positions  of  the  stops  C9 
are  controlled  by  the  action  of  two  wedges  Cll,  attached  to  the 
bar  C12,  which  slides  longitudinally  in  bearings  attached  to  the 
machine,  in  a  similar  manner  to  that  already  described  in  connection 
with  the  movements  of  the  needles.  By  sliding  the  bar  C12  with  its 
wedges  to  and  fro  longitudinally,  the  distance  of  the  downward 
movement  of  the  hooks  is  easily  controlled.  The  upper  ends  of 
the  hooks  slide  in  the  grooves  in  the  front  of  the  knocking-over 
bar  D,  Fig.  15,  Plate  89. 

Reservoir  Bod. — It  will  be  seen  that,  when  the  needles  are 
pulling  their  loops  from  the  threads  through  the  troughs  and 
against  the  front  of  the  hooks,  Fig.  19,  Plate  90,  there  must  be 
a  rather  sudden  snatch  ujjon  the  thread,  which  will  then  rest 
until  the  needles  have  advanced  and  again  retired  to  this  same 
spot,  and  are  again  pulling  another  row  of  loops ;  this  will  produce 
again  a  sudden  snatch  upon  the  thread,  and  thereby  cause  a 
sudden  small  rotation  of  the  beam  on  which  the  threads  are 
wound.  In  order  to  prevent  this  motion  from  being  continued 
too  far  by  the  momentum  of  the  beam,  a  certain  amount  of 
tension,  drag,  or  friction  is  requisite  upon  the  beam ;  and  in 
consequence  of  these  sudden  jerks  of  the  threads,  the  beam  has  to 
be  suddenly  started  into  rapid  motion,  then  stopped  suddenly,  and 
then  started  again.  In  delicate  yarns  this  is  liable  to  break  the 
threads,  and  thus  cause  the  speed  of  machine  to  be  limited  to 
a  slow  rate.  To  obviate  this  difficulty  there  is  interposed  near 
to  the  thread-troughs  an  arrangement  called  a  reservoir  rod, 
which  will  be  understood  from  Fig.  21,  Plate  91.  The 
longitudinal  rod  A20  is  mounted  in  the  machine  so  that  it  can 
rock  upon  its  centre ;  and  arms  attached  to  it  carry  another  smaller 


July  1889.  WARP  WEAVING.  479 

rod  A21,  wliicli  rocks  with  the  larger  rod  A20.  After  leaving 
the  beam  A22  the  thread  is  passed  down  and  under  the  rod  A20, 
then  up  and  over  the  rod  A21,  and  thence  down  to  the  trough  A. 
At  one  end  of  the  rod  A20  is  an  arm  pulled  backwards  by  a 
spring  A23,  which  keeps  the  smaller  rod  A21  pressed  upwards 
against  the  threads  ;  but  when  the  snatch  or  sudden  pull  comes  on 
the  threads,  the  reservoir  rod  A21  gives  way,  and  allows  the 
threads  to  be  drawn  from  it  without  producing  any  great  snatch 
upon  them  ;  and  then,  while  the  needles  are  performing  the  rest 
of  their  motions  and  are  not  pulling  more  thread,  the  reservoir  rod 
A21  is  being  raised  again  into  its  former  position  by  the  pull  of  the 
spring  A23,  and  is  thus  drawing  thread  off  the  beam  ready  for  the 
next  row  of  loops.  By  this  means  the  beam  is  kept  steadily  in 
motion  at  almost  a  constant  rate,  which  enables  the  machine  to  be 
driven  at  a  much  higher  speed  than  could  otherwise  be  attained. 

Be-tJireading. — In  the  ordinary  warp-knitting  or  weaving  machines 
at  present  existing  the  ordinary  warp-guide  is  used,  as  shown  in  Figs. 
49  and  50,  Plate  99.  In  the  ordinary  warp-machine,  when  all  the 
yarn  on  a  beam  is  worked  up  and  the  machine  requires  a  fresh  beam, 
the  ends  are  cut,  the  old  empty  beam  is  taken  down,  and  a  fresh  full 
beam  is  put  up.  If  there  are  (as  in  this  machine)  1008  threads,  either 
the  end  of  each  thread  in  the  machine  has  to  be  tied  to  each  thread 
of  the  new  full  beam,  or  each  of  the  1008  threads  has  to  be  threaded 
through  its  warj)-guide ;  this  necessitates  either  the  tying  of  1008 
knots,  or  the  threading  of  1008  ends,  which  in  an  old-fashioned 
warp-machine  takes  ordinarily  about  three  hours ;  but  as  the  speed 
of  the  old  warp-machines  is  very  slow,  the  operation  requires  to 
be  performed  only  about  once  in  two  or  three  or  more  days.  As 
the  speed  of  the  new  machine  however  is  so  much  greater,  namely 
120  courses  per  minute  instead  of  only  about  from  30  to  50  courses 
per  minute,  a  beam  is  often  emptied  in  from  one  to  two  days ;  and 
it  is  evidently  very  important  that  as  little  time  as  possible  should 
be  lost  in  putting  in  a  fresh  beam  and  re-starting  the  machine.  By 
the  following  arrangements  this  can  now  be  done  in  about  twenty 
to  thirty  minutes. 
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It  will  be  seen  that  the  troughs  A  are  open  in  front,  Figs.  3  to  7, 
Plate  88,  so  that  a  thread  can  be  passed  into  each  trough  without 
threading  its  end  through  the  trough ;  and  the  open  mouths  of  the 
troughs  are  at  a  distinct  and  definite  distance  apart  from  one  another. 
When  in  the  warping  machine  the  beam  A22  is  full,  Fig.  37,  Plate 
97,  the  threads  from  the  creels,  after  having  passed  through  the 
reed  Jl  towards  the  beam,  pass  over  and  rest  on  another  vce-shapcd 
reed  J2,  the  pitch  of  the  vees  corresponding  exactly  with  that  of 
the  troughs.  Between  the  two  reeds  there  is  placed  under  the 
threads  a  grooved  trapping-bar  J;  all  the  threads  in  the  warping 
machine  (in  this  case  504,  being  half  the  width  of  the  warp-weaver) 
are  lying  over  the  trapping-bar,  and  all  at  exactly  the  same  distance 
apart  from  one  another  as  are  the  mouths  of  the  troughs.  The 
wedge-bar  J3  being  now  placed  over  the  threads  and  over  the 
groove  in  the  upper  part  of  the  trapping-bar  J,  Fig.  37,  is  pressed 
downwards  into  the  groove,  as  shown  in  Fig.  39 ;  and  thus 
takes  hold  of  or  traj)s  every  one  of  the  504  threads,  at  exactly 
the  same  distance  apart  as  the  mouths  of  the  troughs.  All 
the  threads  of  the  warp  are  then  cut  off  on  the  creel  side  of  the 
trapping-bar.  Fig.  37;  and  the  trapping-bar  with  all  the  threads 
attached  to  it  is  now  fastened  to  the  cheeks  or  ends  of  the  beam, 
as  shown  dotted  in  Fig.  37.  When  the  beam  is  put  up  in  the 
weaving  machine,  the  trapping-bar  is  again  loosed  from  the  beam, 
and  is  brought  down  towards  the  mouths  of  the  troughs,  and  placed 
into  position  with  regard  to  the  troughs,  as  shown  dotted  in  Fig. 
22,  Plate  91.  Thus  if  the  trapping-bar  is  placed  so  that  each 
thread  is  opposite  to  the  mouth  of  a  trough,  and  if  the  trapping- 
bar  is  then  pressed  against  the  mouths  of  the  troughs  and  made 
to  descend  and  slide  down  to  below  the  troughs,  as  shown  full  in 
Fig.  22,  all  the  504  threads  will  thereby  have  been  threaded  into 
their  troughs.  The  same  operation  is  then  repeated  for  the  other 
half  of  the  machine ;  and  thus  the  1008  threads  are  threaded,  and 
the  machine  is  ready  to  be  started  again,  in  from  twenty  to  thirty 
minutes.  This  is  done  by  the  girl  who  attends  to  the  machine,  with 
a  younger  girl  to  assist  her  during  the  time  of  threading-up, 
instead  of  requiring  three  persons  for  three  to  four  hours. 
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Fringing. — For  some  goods,  such  as  towels,  batli-sheets,  anti- 
macassars, and  others,  it  is  very  advantageous  to  be  able  to  make 
in  the  machine  a  fringe  at  both  ends  of  each  article  woven,  such  as 
a  towel.  The  arrangement  for  doing  this  is  shown  in  Fig.  21, 
Plate  91.  On  the  front  of  the  machine  below  the  hook-bar  is  a 
longitudinal  fringing-bar  L,  in  which  are  held  a  row  of  hooks. 
When  the  machine  is  at  work  weaving,  these  hooks  lie  out  of  the 
way  behind  the  fabric  woven ;  but  when  a  fringe  is  required  to  be 
made,  the  machine  is  stopped,  and  the  fringing-bar  with  its  hooks  is 
lifted  up,  so  that  the  hooks  pass  upwards  behind  the  fabric ;  and  if  the 
fabric  is  pressed  against  the  hooks  and  the  hooks  are  slightly  lowered, 
they  then  lay  hold  of  the  fabric  and  pull  it  downwards,  and  so  draw 
a  long  length  of  thread  through  every  trough  and  round  every 
needle  ;  the  length  of  the  loops  thus  drawn  is  arranged  to  be  double 
the  length  of  the  fringe  required.  The  fringing-bar  with  its  hooks  is 
then  slightly  lifted  again,  and  the  fabric  is  unhooked  from  them ;  and 
the  fringing-bar  is  made  to  descend  to  its  former  position.  The 
machine  is  then  started  weaving  again  in  the  ordinary  manner ;  and 
this  locks  and  interweaves  together  all  the  long  loops  drawn  by  the 
fringing-bar.  After  the  fabric  is  all  woven,  the  long  looj)S  are  cut 
across  the  middle  of  their  length,  thus  producing  a  thoroughly 
satisfactory  fringe  at  each  end  of  each  towel.  It  would  unduly 
lengthen  this  paper  were  a  detailed  description  to  be  given  of  all 
the  arrangements  by  which  these  motions  of  the  fringing-bar  are 
effected. 

Selvedge. — In  an  ordinary  loom  (with  a  warp  and  a  weft)  say 
84  inches  wide,  if  it  were  desired  to  alter  the  loom  to  weave  say  four 
widths  of  fabric  with  two  selvedges  to  each  width,  there  would  be 
much  expense  in  altering  the  loom,  and  a  great  loss  of  space  in  three 
parts  of  the  loom  to  allow  for  the  three  shuttles  to  lie  in  the  three 
spaces  between  the  four  widths  of  fabric.  But  in  this  machine  a 
selvedge  can  be  produced  in  a  few  minutes  in  any  part  of  the 
8-4  inches  width  of  the  machine,  without  any  expense,  and  with  the 
sacrifice  of  only  the  space  occupied  by  one  needle,  that  is,  in  this 
machine  one-twelfth  of  an  inch. 
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In  warp-fabrics  of  the  class  now  dealt  with,  each  selvedge-thread 
has  the  full  length  of  loop  pulled  from  it  by  the  needle  during  only 
every  alternate  row  of  loops ;  and  thus  less  thread  is  used  in  forming 
the  selvedge  than  is  required  for  the  other  threads  of  the  fabric. 
Therefore  to  produce  a  selvedge  on  any  part  of  the  width  of  the 
machine  it  is  only  necessary  to  take  three  threads  from  the  beam,  and 
to  lead  them  to  the  back  of  the  machine,  as  is  shown  in  Fig.  21, 
Plate  91,  where  each  set  of  three  threads  at  each  pair  of  selvedges 
of  the  fabric  is  led  to  and  wound  upon  a  bobbin  marked  M.  This 
bobbin  is  held  by  its  axle  in  a  forked  guide,  so  that  it  rests 
upon  the  narrow  wheel  or  drum  Ml,  the  shaft  of  which  is  held 
in  bearings  at  each  end  in  the  framing  of  the  machine,  and  is 
driven  from  the  main  shaft  at  a  suitable  speed.  As  each  set  of 
three  threads  is  led  to  the  bobbin  M,  it  is  passed  through  a  guide  M2, 
which  has  a  longitudinal  traverse  given  to  it  so  as  to  lay  the  thread 
equally  upon  the  barrel  of  the  bobbin.  To  produce  a  pair  of 
selvedges,  a  pair  of  bobbins  M3  full  of  thread  are  mounted  upon  a 
horizontal  rod  in  the  front  of  the  machine,  and  upon  each  of  these 
bobbins  hangs  a  kind  of  flat-hook  or  bonnet  M4,  which  produces 
a  regular  and  equal  drag  upon  the  thread  as  it  is  unwound  from 
the  bobbin.  These  two  threads  are  led  to  the  two  outer  troughs 
in  each  set  of  three  troughs  whose  threads  have  been  led  from  the 
beam  to  the  back  of  the  machine ;  and  the  two  threads  are  threaded 
through  these  two  outer  troughs,  and  led  to  the  needles  which 
are  to  be  the  selvedge  needles.  If  the  machine  is  then  made  to 
weave  in  the  ordinary  manner,  a  selvedge  will  thus  be  produced 
at  any  required  part  of  the  machine,  with  the  loss  of  only  one- 
twelfth  of  an  inch  to  each  pair  of  selvedges. 

Shaping. — The  movements  will  now  be  followed  whereby  this 
machine  produces  shaj^ed  or  fashioned  fabrics,  such  as  the  bodies 
of  vests  for  ladies :  such  bodies  being  shaped  properly,  so  as  to 
fit  the  figure.  This  shaping  is  produced,  as  before  mentioned,  by 
moving  the  wedge-bars  B12  and  C12,  Fig.  31,  Plate  95,  and  thus 
varying  the  lengths  of  the  needle  and  hook  pulls,  and  the  consequent 
width  of  the  fabric.      These  two  wedge-bars  are  connected  to  the 
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opposite  arms  of  a  lever  P,  wliicli  works  upon  the  fixed  centre  PI. 
The  wedges  are  so  set  that,  by  moving  the  lever  P,  whereby  both 
the  wedge-bars  are  moved  longitudinally,  the  needle-controlling 
stops  B9  and  the  hook-controlling  stops  C9  are  simultaneously 
moved ;  and  thus  the  lengths  of  the  loops  pulled  by  the  needles 
and  held  by  the  hooks  can  be  varied  simultaneously  by  moving  the 
lever  P  while  the  machine  is  running  at  full  speed. 

The  main  features  of  the  mechanism  which  automatically 
controls  the  movements  of  the  lever  P  and  the  wedge-bars  are  as 
follows.  A  chain  on  a  suitable  guide  is  caused  to  travel  in  the 
direction  of  its  length  through  one  link  for  each  revolution  of 
the  main  shaft  of  the  machine  ;  and  for  this  purpose  the  chain 
invented  by  the  French  engineer  Vaucanson,  and  well  known  as 
"  chaine  Vaucanson,"  has  many  properties  which  render  it  peculiarly 
suitable.  Upon  the  chain  are  arranged  two  rows  of  inclines  or 
wedge-shaped  projections,  at  any  desired  intervals  apart ;  each  row 
of  inclines  sets  in  motion  an  arrangement  of  levers  and  ratchets 
with  a  worm,  gearing  into  a  rack  on  the  wedge-bar  B12.  One  row 
of  inclines  causes  the  wedge-bar  to  move  in  one  direction,  and 
the  other  row  causes  it  to  move  in  the  opposite  direction.  Thus, 
as  the  chain  advances,  an  incline  of  one  or  other  row  comes  into 
action,  whereby  the  wedge-bars  are  moved  in  one  or  other  direction, 
and  consequently  the  length  of  the  loops  pulled  is  increased  or 
decreased  as  required ;  and  thus  the  width  and  shape  of  the  fabric 
are  governed  by  the  number  and  position  of  the  inclines  upon 
the  chain. 

The  description  of  the  many  small  and  complicated  details  of 
this  automatic  mechanism  for  shaping  the  fabrics  is  not  here 
attempted.  Shaped  fabrics  are  made  automatically  by  this  mechanism 
at  the  rate  of  120  courses  per  minute,  either  upon  the  whole 
width  of  the  machine,  or  with  the  whole  width  divided  uj)  into 
any  desired  number  of  divisions.  Thus  from  three  to  five  bodies  for 
shaped  ladies'  vests,  or  from  six  to  ten  sleeves,  can  be  made 
simultaneously,  all  fully  shaped,  at  the  rate  of  120  courses  per 
minute,  without  stopping,  except  for  about  three  to  four  minutes 
to  make  a  fringe  or  finish  at  the  commencement  of  each  set. 
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Weaving  from  Creel. — In  some  cases  the  machine  is  arranged  for 
drawing  its  threads  direct  from  the  cops  or  cones  as  received  from 
the  spinners,  without  the  threads  being  re-wound  or  warped  or 
beamed.  In  such  cases  the  cops  or  cones  of  thread  are  placed  upon 
a  special  stand  or  creel,  Plate  98 ;  Fig.  43  is  an  end  view  of  the 
creel,  Fig.  44  is  a  front  view  of  part  of  it,  and  Fig.  45  is  a  part 
plan  with  the  top  removed.  The  cones  of  thread  R  (of  which 
only  four  are  shown  in  each  view  to  avoid  confusion)  are  placed 
upon  pegs,  which  are  set  in  rows  one  above  another.  Eows  of  top 
guides  El  are  arranged  so  that  one  guide  is  over  each  cone  of 
thread,  and  a  corresponding  number  of  guides  E2  are  also  placed 
along  the  front  of  the  creel ;  each  thread  is  passed  from  its  cone 
through  the  top  guide  immediately  above  it,  then  through  a  front 
guide,  and  is  thence  led  to  the  weaving  machine.  Two  of  these 
creels  are  placed  behind  the  machine,  according  to  the  arrangement 
shown  in  the  plan.  Fig.  46,  where  the  directions  of  the  first  and  last 
threads  only,  from  each  creel,  are  indicated. 

In  Plate  99,  Figs.  47  and  48  show  how  the  threads  are  guided 
at  the  weaving  machine,  and  how  the  necessary  tension  is  produced ; 
Fig.  47  is  a  part  front  view  and  Fig.  48  a  part  section  of  the 
arrangement.  Four  fixed  rods  E4,  reaching  from  end  to  end  of  the 
machine,  are  carried  by  brackets.  Three  movable  rods  E3  are 
fixed  to  side-frames,  which  hook  on  to,  and  are  free  to  turn  upon, 
the  top  fixed  rod  E4  in  such  a  manner  that  the  movable  rods  can 
either  be  placed  between  the  fixed  rods  as  shown,  or  can  be  turned 
up  into  a  position  such  as  indicated  in  dotced  lines  in  Fig.  48,  clear 
of  the  fixed  rods.  The  threads  coming  from  the  creel  are  passed 
through  the  reed  E5,  and  over  the  fixed  rods,  down  to  the  thread- 
troughs  A.  The  movable  rods  are  then  lowered  into  the  position 
shown,  between  the  fixed  rods,  and  are  held  there  by  a  screw  E6. 
Thus  the  threads  pass  alternately  over  a  fixed  rod  and  under  a 
movable  rod;  and  by  adjusting  the  screw  E6  the  position  of  the 
movable  rods  between  the  fixed  rods  is  regulated,  and  the  tension  on 
the  threads  can  thereby  be  increased  or  decreased  to  the  required 
amount. 
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Construction  of  Presser. — The  last  point  of  peculiar  construction 
whicli  will  be  noticed  is  the  method  of  making  the  grooved  part 
of  the  presser,  Figs.  10  to  14,  Plate  88,  where  the  walls  of  the 
grooves  of  the  presser  press  upon  the  beards  of  the  needles.  The 
presser  must  have  recesses  or  grooves  formed  in  it,  so  that  the  hooks 
when  they  rise  above  the  fabric  can  pass  up  into  these  grooves ;  and 
thus  there  is  only  a  small  wall  of  metal  at  the  side  of  each  hook 
and  over  each  needle,  which  wall  has  to  stand  all  the  work  and 
wear  of  pressing  the  needle-beards  and  also  of  guiding  the  tops 
of  the  hooks.  These  walls  should  therefore  be  of  hard  and  tough 
metal — in  fact  should  be  of  tempered  steel ;  and  if  they  were 
formed  by  cutting  or  grooving  them  out  of  solid  steel,  the  expense 
would  be  very  great.  To  avoid  this,  each  wall  is  made  separate, 
and  punched  out  of  steel  plate  of  the  shape  shown  in  Figs.  13  and 
14.  Longitudinal  recesses  are  planed  in  the  bar  B13,  as  shown 
in  Figs.  11  and  15,  for  the  walls  to  fit  into  ;  and  they  are  placed  in 
these  recesses  and  there  held  at  the  right  pitch  or  distance  apart 
by  a  comb-bar  or  chuck,  and  while  so  held  are  soldered  to  the  presser- 
bar,  as  shown  in  Figs.  10  to  12.  Besides  attaching  each  wall 
firmly  to  the  bar,  the  solder  fills  up  the  spaces  between  the  walls, 
except  where  the  hooks  have  to  pass  between  them,  as  shown.  A 
sample  of  such  a  presser  is  exhibited. 

There  are  many  other  points  of  peculiar  construction  and  detail 
about  this  machine  which  might  be  interesting,  but  the  description  of 
which  would  take  too  much  time.  The  machine  itself  is  now  at 
work  in  the  Exhibition. 
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Discussion. 

Mr.  Paget  exhibited  an  enlarged  working  model  of  the  machine, 
thirty-two  times  full  size,  by  means  of  which  the  action  of  the  three 
primary  parts  was  illustrated  in  weaving  a  piece  of  bell-rope  into  a 
portion  of  a  fabric.  He  also  showed  specimens  of  the  actual  primary 
parts  themselves,  fixed  upon  a  card  in  the  relative  positions  that 
they  occupied  in  the  machine,  of  which  a  section  was  also  drawn  upon 
the  card,  as  shown  in  Fig.  15,  Plate  89.  An  extensive  collection 
of  samples  was  also  exhibited  of  the  various  kinds  of  work  produced 
by  the  machine.  One  of  these  was  a  towel,  at  the  ends  of  which 
was  seen  the  fringe  produced  by  the  apj^aratus  described  in 
page  481 ;  and  attention  was  drawn  to  the  closeness  of  the  weaving. 
The  great  difficulty  with  warp  weaving  hitherto  had  been  to  weave  a 
close  solid  fabric,  because  the  loops  could  not  be  got  over  the  heads 
(or  hooks)  of  the  needles  in  close  weaving,  as  they  then  fitted  the 
needles  too  tightly.  The  reason  why  with  this  machine  the  tight 
loops  could  be  got  over  the  needles  was  the  addition  of  the  hooks, 
for  pulling  the  loops  over  the  heads  of  the  needles  and  for  holding 
the  loops  after  they  had  been  pulled  over  the  needle  heads,  whereby 
the  loops  were  tight  after  having  passed  over  the  needle  heads. 

A  sample  exhibited  of  striped  weaving  was  produced  by  making 
the  troughs  shog  twice  to  the  left,  then  twice  to  the  right,  and  so  on. 
But  if  instead  of  two  they  made  four  or  more  shogs  each  way,  then 
instead  of  a  stripe  a  zigzag  was  produced,  as  illustrated  by  another 
sample.  The  machine  had  been  further  elaborated  so  that  the  number 
of  shogs  right  and  left  could  be  varied  automatically  without  stopping 
the  machine,  as  illustrated  by  another  sample,  in  which  during  one 
portion  of  the  weaving  the  troughs  were  traversing  two  needles  to 
the  right  and  two  to  the  left ;  during  the  next  portion  four  to  the 
right  and  four  to  the  left ;  during  a  further  portion  six  to  the 
right  and  six  to  the  left ;  and  then  again  they  resumed  traversing 
two  to  the  right  and  two  to  the  left.  These  and  other  peculiar 
permutations  of  pattern  were  produced  by  the  apparatus  which  was 
governed  by  the  Vaucanson  chain,  as  explained  in  page  483 ;  the 
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number  and  position  of  tlie  inclines  upon  the  chain  were  adjusted 
beforehand  according  to  the  pattern  desired. 

As  an  example  of  shaping  the  fabrics,  a  sample  was  exhibited  of 
a  lady's  petticoat  which  had  been  woven  and  shaped  on  the  machine. 
By  making  the  loops  longer  towards  the  bottom  of  the  fabric  it  was 
widened  at  that  part ;  and  then  steji  by  step,  at  a  varying  number  of 
stitches  apart,  the  length  of  the  loojis  was  reduced,  thus  reducing 
the  width.  A  still  further  development  of  the  shaping  was  shown 
in  a  sample  of  a  lady's  vest  woven  to  suit  the  figure.  It  was  shaped 
on  the  machine  at  the  rate  of  120  courses  a  minute;  and  this  was 
the  only  machine  that  had  been  able  to  weave  in  warp  fabrics  an 
article  of  any  kind  shaped  automatically. 

The  President  enquired  whether  the  lady's  vest  shown  was 
woven  in  halves. 

Mr.  Paget  replied  that  the  body  was  woven  from  the  front 
upwards,  over  the  shoulder,  and  down  again  at  the  back.  The 
weaving  began  at  the  bottom  in  front,  then  widened  out  to  suit  the 
hips,  then  narrowed  in  to  suit  the  waist ;  then  it  widened  again  to 
suit  the  bust,  and  then  narrowed  again  to  suit  the  neck ;  and  then 
the  weaving  went  over  the  shoulder  and  down  the  back.  It  was 
narrowed  from  the  shoulder  to  fit  the  waist,  again  widened  to  fit  the 
hips,  and  ended  behind,  level  with  where  it  had  started  in  front.  The 
lines  of  the  two  pairs  of  selvedges  were  seamed  by  hand  afterwards 
from  each  arm-hole  downwards ;  the  selvedges  were  so  good  that  it 
was  doubtful  whether  the  seam  could  be  seen  at  a  little  distance, 
even  though  it  was  known  to  be  there.  The  whole  of  this  work 
was  woven  from  beginning  to  end  at  120  courses  per  minute  without 
varying.  The  sleeves  were  also  woven  on  the  warp  machine,  and 
were  afterwards  sewn  in  at  the  arm-holes  of  the  vest  by  another 
machine.  In  this  particular  specimen  it  so  happened  that  the  sleeves 
had  been  made  on  a  knitting  machine,  and  not  on  the  warp  machine  ; 
and  in  this  case  therefore  the  web  of  the  body  was  opened  out  at  the 
shoulder,  and  was  actually  put  upon  the  needles  of  the  knitting 
machine,  and  the  sleeves  were  then  woven  on  to  the  body.     The 
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sleeves  woven  and  shaped  ou  the  knitting  machine  were  made  at  the 
rate  of  only  about  25  courses  a  minute,  and  only  two  sleeves  were 
kuitted  at  once,  instead  of  six  sleeves  being  woven  at  once  on  the 
warp-weaver  and  at  the  rate  of  120  courses  a  minute;  and  instead 
of  teaching  an  operative  to  work  the  weaving  machine  in  about  a 
fortnight,  it  required  months  for  a  girl  to  learn  to  work  the  kuitting 
machine. 

Another  curious  development  of  warp  weaving  was  that  the  same 
machine  which  wove  an  exceedingly  coarse  cloth  like  a  horse-rug,  and 
a  very  fine  thin  soft  texture  for  making  woollen  vests  such  as  would 
be  liked  in  a  hot  country  by  those  who  would  avoid  rheumatism,  also 
wove  the  light  and  open  sample  now  shown  of  a  lady's  cloud,  which 
was  8  feet  wide  when  stretched  out.  The  clouds  were  woven  6^  feet 
long,  and  five  at  once  in  the  width  of  the  machine,  the  set  of  five 
being  completed  in  a  trifle  over  2^  minutes  :  so  that  it  might  be  said 
each  cloud  required  only  about  half  a  minute  to  be  woven  on  the 
machine.  History  told  of  a  certain  French  king  who  had  a  pair  of 
stockings  woven  for  his  wife,  so  fine  that  they  would  pass  through  a 
finger  ring.  The  cloud  now  exhibited  was  considerably  wider  than 
any  pair  of  stockings,  as  it  was  8  feet  wide,  and  when  doubled 
lengthways  was  therefore  equivalent  to  16  feet  width  ;  and  when 
thus  doubled  it  easily  passed  through  his  finger  ring,  as  he  now 
showed. 

Mr.  Benjamin  A.  Dobson,  Member  of  Council,  had  had  the 
pleasure  of  examining  this  warp-weaving  machine  in  great  detail, 
and  had  been  much  surprised  to  find  how  easy  it  was  to  forget  many 
of  the  points  connected  with  it ;  but  on  listening  to  the  paper  just 
read  they  had  been  brought  back  again  to  his  mind.  So  far  as  he 
understood  the  machine,  it  did  its  work  most  perfectly  ;  and  in 
regard  to  speed  it  exceeded  anything  yet  attempted  in  that  process  of 
manufacture.  If  there  had  been  any  defect  in  it,  and  if  he  had  been 
able  to  find  it  out,  he  should  certainly  have  drawn  attention  to  it ; 
but  after  following  the  description  given  in  the  paper,  and  seeing 
the  clever  manner  in  which  the  parts  had  been  combined  to  produce 
certain   mechanical   results,  and   the   smooth  way  in  which   those 
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results  were  produced  upon  tlie  macliine  in  work,  lie  thouglit  it 
would  be  admitted  that  a  great  amount  of  scientific  and  mechanical 
ability  had  been  brought  to  bear  for  making  the  machine  as  perfect 
as  it  was.  He  had  been  astonished  at  the  speed  at  which  the 
machine  would  work,  combined  with  its  smoothness.  Having  been 
accustomed  to  machinery  of  a  similar  description,  ho  should  have 
thought  that  there  would  be  such  an  amount  of  vibration  and 
concussion  as  would  prevent  some  of  the  sensitive  and  delicate  parts 
from  performing  their  duties  thoroughly  without  a  large  amount  of 
wear  and  tear ;  and  he  was  much  pleased  to  be  able  to  compliment 
the  author  on  the  way  in  which  that  difficulty  had  been  overcome. 
He  had  never  seen  a  machine  of  that  width  with  less  spring  in  all  its 
parts ;  in  fact  the  way  in  which  all  those  difficulties  had  been 
foreseen  and  met  in  the  construction  of  the  machine  he  considered  to 
be  a  valuable  lesson  in  mechanical  engineering. 

The  variation  in  the  nature  of  the  work  produced  was  also 
astonishing.  No  doubt  some  might  be  inclined  to  question  the 
speed  at  which  the  articles  were  produced ;  but  he  was  in  a  position 
to  confirm  all  that  the  author  had  stated  with  regard  to  that  point. 
The  celerity  with  which  the  machine  could  be  changed  from  one 
material  to  another  was  also  very  remarkable ;  he  had  seen  no 
machine  of  a  similar  descrij)tion  that  admitted  of  the  same  amount 
of  change,  or  that  admitted  of  being  changed  in  so  short  a  time. 
The  method  of  changing  from  one  quality  of  warp  to  another  he 
also  considered  a  most  valuable  invention  for  practical  use  in  the 
manufacture  of  woven  fabrics.  Although  that  might  not  strictly 
speaking  be  regarded  as  mechanical  engineering,  yet  it  showed  the 
necessity  for  a  mechanical  engineer  to  be  able  to  apply  his  common- 
sense  and  his  education  as  an  engineer  for  producing  satisfactory 
results  which  would  enable  him  to  work  his  machine  to  the  best 
advantage. 

Having  also  examined  in  detail  the  old  knitting  machines,  which 
were  at  the  present  day  employed  in  large  numbers  in  France,  he 
had  found  they  were  beautifully  manufactured.  The  movements  were 
admirably  combined,  and  in  regard  to  work  the  machines  might 
almost  be  called  perfect  in  their  construction.     But  they  involved 
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tlio  defective  principle  that  there  was  only  one  thread  to  knit  with, 
and  this  had  to  traverse  the  whole  width  of  the  machine,  which  it 
could  do  only  at  a  speed  that  was  limited  by  the  operation  of  making 
the  loops  somewhat  as  described  by  tlie  author,  although  it  was 
done  rather  differently  in  those  machines.  Consequently,  whatever 
might  be  done  to  improve  those  machines,  they  never  could  by  any 
possibility  rival  the  speed  of  this  warp-weaving  machine,  because,  as 
had  been  seen,  there  was  here  a  separate  thread  for  every  needle  or 
loop,  and  the  only  movement  required  in  the  machine  in  the  direction 
of  its  width  was  simply  the  movement  of  the  row  of  troughs  to  the 
right  and  left  to  a  very  small  extent.  The  high  speed  of  weaving 
was  arrived  at  by  adopting  this  entirely  different  principle  of  a  very 
small  lateral  movement,  which  allowed  of  increasing  the  speed  to 
practically  from  six  to  ten  times  faster  than  in  the  ordinary  knitting 
machines,  according  to  the  material  employed  and  the  nature  of  the 
work  done.  Although  the  motions  that  had  been  described  seemed 
unusually  complicated,  he  thought  every  one  who  examined  the 
machine  would  admit  that  its  comj)lication  was  more  apparent  than 
real.  If  the  motions  on  each  side  of  the  machine  were  taken  off,  it 
would  be  found  that  the  interior  portion  of  the  mechanism,  which 
absolutely  j)roduced  the  fabric,  was  simply  a  repetition  of  a  few 
elementary  parts ;  and  if  the  mode  of  forming  the  loop  were  once 
clearly  comprehended,  there  woitld  be  no  difficulty  he  thought  in 
following  all  the  other  movements  required  in  the  machine. 

The  shaping  mechanism,  which  had  not  been  described  in  detail 
in  the  paper,  was  certainly  one  of  the  most  beautiful  applications  of 
a  simple  automatic  motion  that  he  had  ever  seen,  and  it  was  worth 
careful  study  to  understand  how  that  motion  acted.  There  were  at 
least  six  motions  in  that  portion  of  the  machine  ;  and  to  explain  all 
of  them  fully  would  require  a  paper  of  almost  the  same  length  as 
that  now  read,  which  therefore  had  necessarily  been  limited  to  a 
general  description  of  the  machine.  Altogether  he  considered 
this  was  one  of  the  most  remarkable  machines  of  modern  days ; 
and  it  showed  what  ingenuity  and  perseverance  could  do  in 
the  way  of  perfecting  a  machine  by  the  application  of  mechanical 
principles. 
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Mr.  Julius  Boeddinghaus  asked  whether  the  same  machine  would 
do  for  thick  and  thin  fabrics,  as  for  example  coarse  wool  and  fine 
silk. 

Mr.  Paget  replied  that  the  machine  would  weave  either  coarse 
sacking  for  nail-bags  or  much  finer  articles  than  any  of  the  samples 
now  exhibited.  An  enthusiastic  friend,  who  was  well  versed  in  all  the 
details  of  hosiery  manufacture,  had  expressed  the  oj)inion  that  before 
long  the  machine  would  be  able  to  weave  handkerchiefs  of  the  finest 
silk.  Although  he  did  not  himself  at  present  go  quite  so  far  as  that, 
yet  he  would  not  say  that  it  never  would  be  done.  The  range 
already  covered  however  was  a  pretty  extensive  one. 

Professor  Alexander  B.  W.  Kennedy,  Member  of  Council,  had 
had  the  pleasure  six  months  ago  of  spending  a  couple  of  days  in  the 
examination  of  this  machine,  and  had  therefore  had  a  good  opportunity 
of  seeing  what  a  beautiful  machine  it  was ;  and  he  regarded  with 
the  utmost  admiration  an  invention  displaying  so  high  a  degree  of 
mechanical  engineering  ingenuity.  In  common  with  Mr.  Dobson  he 
had  had  the  opportunity  of  timing  a  great  deal  of  the  work,  and  seeing 
exactly  how  the  machine  produced  fabrics  of  diiferent  kinds.  The 
machine  which  he  had  then  seen  at  work  wd^s  not  the  particular  one 
now  shown  in  the  Exhibition,  but  an  earlier  one,  though  in  principle 
it  was  exactly  the  same.  It  had  1,008  needles,  pitched  twelve  to  the 
inch ;  and  all  the  work  that  he  saw  produced  was  done  with  the 
same  machine  and  with  the  same  pitch  of  needles. 

The  first  work  that  he  saw  done  was  a  somewhat  heavy  towelling, 
of  which  the  author  had  now  shown  an  example.  The  machine  being 
84  inches  wide,  the  towels  were  made  in  three  parallel  sets,  each  set 
being  28  inches  wide.  The  machine  being  started,  it  made  the  right 
number  of  courses,  and  then  stopped  automatically.  When  it  stopped, 
the  attendant  put  in  gear  the  hook  frame  for  making  the  fringe,  pulled 
out  the  reqiaisite  length  of  fringe,  withdrew  the  hook  frame,  and 
started  the  machine  again  ;  then  it  again  went  on  automatically 
to  the  right  length,  and  so  od,  doing  everything  on  its  own  account 
between  the   stoppages.     The  whole   time   of  weaving  each    towel 
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length,  including  the  fringe,  was  15j  minutes  :  so  that  there  were 
twelve  towels  made  entire  per  hour,  and  nothing  had  to  be  done  to 
tliera  but  cutting  the  fringes  in  halves. 

AVhat  had  struck  him  most  was  what  he  next  saw  produced  in  the 
machine.  It  was  a  cloud,  or  rather  five  clouds  woven  side  by  side. 
They  were  made  with  2^  courses  of  loops  per  inch  of  length ;  that 
is,  the  fabric  as  it  was  woven  moved  forwards  one  inch  for  every 
2^  courses.  It  was  precisely  the  same  fabric  as  the  specimen  which 
had  now  been  shown.  Immediately  after  the  clouds  had  been  finished 
with  a  certain  very  fine  yarn,  then  without  any  change  whatever, 
excepting  the  motion  of  one  lever  if  he  remembered  rightly,  the  pitch 
or  closeness  of  the  work  was  altered  from  2^  courses  to  67  courses 
per  inch  of  length  ;  and  at  once  the  machine  went  on  working  the 
close-woven  and  shaped  garments  which  had  just  been  exhibited. 
The  stitch  was  the  same,  excepting  only  that  in  one  instance  it  was 
4-9ths  of  an  inch  long,  and  in  the  other  it  was  only  l-67th  of  an  inch. 
Until  seeing  this  done,  no  one  would  imagine  that  the  open  cloud  and 
the  close-woven  material  were  absolutely  one  and  the  same  fabric, 
woven  on  one  and  the  same  machine,  without  any  difference  except 
in  the  number  of  stitches  per  inch.  He  had  got  a  piece  of  the  fabric 
that  had  been  cut  out  where  the  change  was  made,  in  which  the  piece 
of  cloud  appeared  like  an  open  netted  fringe  on  the  end  of  the  piece 
of  closely  woven  vest.  According  to  a  note  which  he  had  made  at  the 
time,  the  length  of  6^  feet  was  finished  in  three  minutes,  five  clouds 
being  made  side  by  side  :  which  meant  that  100  clouds  per  hour 
were  made  on  the  machine.  They  were  woven  continuously,  and  had 
afterwards  to  be  cut  to  the  length  required.  The  whole  process  had 
to  be  seen  to  be  believed,  as  had  also  the  shaping  of  the  shaped  vests ; 
and  the  simplicity  of  the  manner  in  which  the  latter  operation  was 
carried  out  had  certainly  not  been  exaggerated  by  the  author. 

When  the  machine  was  working  at  that  extraordinarily  rapid 
rate,  it  would  be  no  good  if  two  or  three  hours  had  to  be  spent  in 
changing  the  beams  ;  and  here  the  author's  ingenuity  had  developed 
a  plan  so  remarkably  simj)le  that  the  time  now  taken  in  changing  the 
beams  was  about  as  many  minutes  as  it  used  to  be  hours.  The 
threads  wound  on  the  beam  were  necessarily  led  ofi"  it  over  a  reed 
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iu  the  beaming  or  warping  macliine,  the  reed  being  arranged  so  as 
to  pitch  them  the  right  distance  apart  for  the  needles  and  troughs. 
Instead  of  taking  the  threads  over  one  reed  only,  they  were  taken 
across  two  ;  and  under  the  threads  was  placed  a  grooved  wooden 
trajjping-bar,  in  which  they  could  be  held  by  a  wedge  pushed  in 
from  above.  "When  it  was  desired  to  trap  or  hold  them,  the  threads 
were  lying  exactly  pitched  across  the  reed,  and  all  that  was  done 
was  to  drive  the  wedge  in,  so  that  all  the  threads  were  held  fast 
between  the  wedge  and  the  two  sides  of  the  trapping-bar.  All 
the  ends  of  the  threads  were  thus  secured  at  exactly  the  proper 
pitch,  corresponding  with  the  reod,  which  was  the  same  as  that 
corresponding  with  the  needles :  so  that  each  thread  had  not  to  be 
threaded  separately,  but  the  whole  series  were  simultaneously  entered 
correctly  into  the  open  mouths  of  the  troughs.  The  result  he 
had  found  to  be  that  the  taking  out  of  the  two  empty  beams  and 
putting  in  two  full  ones,  each  containing  504  threads,  took  only  8^ 
minutes.  The  utmost  manual  exertion  was  a  light  pull  on  the  rope 
of  the  hoisting  gear,  which  formed  part  of  the  machine.  The  504 
threads  of  one  beam  were  then  entered  into  their  respective  504 
troughs,  which  took  exactly  ten  seconds,  and  was  done  by  the  girl 
who  attended  to  the  machine.  The  whole  of  this  latter  operation, 
including  the  adjustment  of  the  few  threads  which  had  not  entered 
the  troughs  quite  accurately,  took  just  one  minute  ;  and  from  the  time 
when  the  trapped  ends  of  the  threads  were  brought  to  the  front  of 
the  machine,  until  the  whole  1,008  of  them  had  been  properly  placed 
and  secured  by  two  courses  worked  by  hand  and  the  traps  removed, 
was  not  more  than  3^  minutes.  Threads  had  then  to  be  taken  out  at 
four  intervals  for  spacing  the  work  into  five  breadths,  and  new 
selvedge  and  mending  bobbins  had  to  be  put  in  for  suiting  the  new 
yarn ;  but  with  all  this  and  all  other  delays,  including  the  overhauling 
of  the  needles,  the  whole  time  taken  by  the  change  of  beams,  from 
stopping  the  machine  for  the  purpose  until  it  started  again  on  the 
new  work,  was  exactly  25  minutes. 

A  further  point  to  which  he  should  like  to  call  attention  was  the 
regulating  or  equalising  arrangement,  or  reservoir-rod  as  it  was 
called  in  page  478,  by  which  it  was  contrived  that  the  thread  beam 
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was  kept  steadily  in  motion  at  almost  a  constant  rate,  thereby 
enabling  the  machine  to  be  driven  at  a  much  higher  speed  than 
could  otherwise  be  attained.  The  speed  with  which  the  thread  was 
pulled  by  the  needles  varied  very  greatly  indeed  in  each  course  ; 
but  on  watching  the  working  of  the  machine  most  carefully  he  had 
found  that  the  speed  with  which  the  thread  came  off  the  beam  was  as 
far  as  he  could  see  practically  uniform.  That  was  the  result  of  an 
admirable  arrangement,  which  had  also  the  merit  of  being  very 
simple ;  and  he  only  wished  that  more  of  such  simple  contrivances 
could  be  found  out  and  brought  to  so  successful  an  issue. 

Mr.  Daniel  Adamson,  Vice-President,  had  had  the  satisfaction  of 
seeing  the  machine  working ;  and  being  somewhat  interested  in 
cotton  spinning  and  the  manufacture  of  soft  goods,  he  would  say  that 
practically  there  was  an  advantage  to  the  thread  manufacturer  in  the 
circumstance  that  for  this  machine  there  was  only  one  quality  of  yarn 
or  thread  to  make,  instead  of  the  usual  twist  or  weft  also :  because 
in  the  latter  case,  in  spinning  with  100,000  spindles,  where  there 
might  be  60,000  spinning  warp  and  50,000  spinning  weft,  a  great 
deal  of  inconvenience  might  arise  if  orders  were  not  received 
corresponding  with  the  relative  quantities  produced  of  the  two 
particular  kinds  spun.  It  had  often  occurred  that  such  was  the 
condition  of  the  markets  that  the  spinners  had  not  the  chance  of 
regulating  their  sales  so  as  to  meet  their  powers  of  production  ;  and 
in  the  present  case  therefore  the  matter  was  simplified  by  dispensing 
with  the  weft. 

The  excellent  working  model,  enlarged  to  thirty-two  times  full 
size,  which  had  been  shown  in  action  by  the  author  during  the 
reading  of  the  paper,  was  a  practical  illustration  that  might  often  be 
wisely  imitated  for  illustrating  the  working  of  a  new  machine.  The 
needles,  of  which  specimens  were  exhibited,  were  in  themselves  a 
hifrh-class  manufacture,  and  required  both  considerable. skill  to  make 
them  and  also  a  highly  refined  material,  for  which  the  author  was 
indebted  alike  to  the  engineer,  to  the  metallurgist,  and  to  the  steel- 
worker.  The  needles  were  indeed  a  valuable  automatic  element 
in  the  machine,  inasmuch   as  each   had  sufficient   spring   in   itself 
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to  bear  the  depression  for  passing  through  the  loop,  and  to  relieve 
itself  afterwards,  so  as  alternately  to  catch  hold  and  let  go  of  the 
interchanging  loops.  There  were  so  many  parts  in  the  machine  that 
it  wanted  to  be  seen  many  times  before  its  operations  could  be 
thoroughly  comprehended.  By  means  however  of  the  working 
model  exhibited,  containing  only  four  needles,  it  was  much  simpler 
to  study  their  action  than  in  the  machine  containing  1,008.  He 
remembered  what  his  own  experience  had  been  when  he  left 
locomotive  engineering  in  1849  and  went  to  Lancashire,  how  greatly 
puzzled  he  had  felt  in  looking  at  a  mill  with  100,000  spindles ;  but, 
when  he  began  to  look  at  one  spindle  only,  he  found  it  was  not  nearly 
so  difficult  to  comprehend  that  one  as  it  was  to  look  at  100,000.  In 
the  beautiful  warp-weaver  now  described  he  was  greatly  interested, 
and  he  hoped  the  author  would  have  a  great  future  for  it  and  be 
amply  compensated  for  his  skill,  and  that  outsiders  might  soon  have 
the  benefit  of  wearing  some  of  the  nice  fabrics  which  were  woven 
so  cheaply ;  it  would  be  a  great  advantage  to  the  world  at  large  to 
have  such  increased  comforts  at  so  small  a  cost.  Something  too 
he  thought  need  be  said  of  the  skill  manifested  by  the  girls  who 
worked  these  new  machines,  and  thereby  acquired  an  education 
and  a  practical  experience  such  as  might  well  be  admired  by  the 
advocates  of  technical  knowledge  and  better  education  for  the  people 
generally. 

Mr.  J.  J.  BiRCKEL  believed  this  was  the  only  machine  for 
producing  fabrics  such  as  were  made  by  spinning,  knitting,  or 
weaving,  in  which  there  were  motions  that  were  required  to  be 
controlled  automatically  within  1-5  0  th  of  an  inch.  Such  a  control 
had  never  before  been  realised  in  any  machine  of  that  class ;  and 
its  accomplishment  might  well  place  the  author  in  the  foremost 
rank  of  mechanical  engineering.  Although  himself  no  spinner,  he 
believed  the  self-acting  spinning  mule  did  not  realise  by  a  long  way 
such  a  nicety  of  deviation  of  motion  as  only  l-50th  of  an  inch. 

The  Peesident  observed  that  at  the  end  of  the  paper  the  author 
had   explained    what    seemed    to   be   an   important   matter   in   the 
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coustructiou  of  the  macliinc,  namely  the  way  in  which  the  grooves 
in  the  presser  were  formed,  by  constructing  them  of  two  cheeks, 
shaped  so  that  when  coming  together  they  left  between  them  a  groove 
of  the  right  shape  and  width  for  the  hooks  to  enter  while  the  needles 
were  being  depressed.  He  should  be  glad  to  know  something  also 
about  the  construction  of  the  needles,  because  these  seemed  to  be  in 
a  large  measure  the  secret  of  success.  Their  importance  had  been 
referred  to  by  Mr.  Adamson  (page  494) ;  and  it  would  be  interesting 
to  know  how  the  little  groove  was  made  for  receiving  the  point  of 
the  beard,  and  whether  in  getting  rid  of  the  solid  metal  at  that  part 
any  considerable  amount  of  trouble  was  incurred,  or  whether  that 
little  excavation  had  been  made  in  the  same  simple  way  as  the 
grooves  in  the  presser.  He  asked  also  what  experience  there  had 
yet  been  as  to  the  wear  and  tear  of  the  machine ;  because  after  all 
an  apparatus  of  that  kind  would  wear  out  in  course  of  time, 
although  perhaps  it  might  not  yet  have  been  worked  long  enough 
for  any  of  the  parts  to  show  much  wear. 

Mr.  Paget,  referring  to  Mr.  Dobson's  statement  (page  490)  that 
knitting  with  a  single  thread  would  never  rival  warp-weaving,  said 
this  was  perfectly  correct  since  the  present  machine  had  rendered  it 
possible  in  warp-weaving  to  shape  fabrics  during  the  weaving. 
Warp-weaving  indeed  had  hitherto  been  an  absolutely  dormant 
industry  in  England,  almost  dormant  in  France,  and  but  little  active 
in  Germany,  simply  because  fabrics  so  woven  could  not  be  shaped 
during  the  weaving ;  and  knitting  had  until  now  been  the  only 
known  method  of  shaping  fabrics  during  the  weaving.  Now  that 
they  could  be  shaped,  by  warp-weaving,  he  hoped  there  would  be  an 
increase  of  that  trade.  The  results  given  by  Professor  Kennedy  of 
his  observations  would  doubtless  help  to  exi)lain  several  points 
which  had  not  been  made  quite  so  clear  in  the  paper  as  they  might 
have  been. 

It  had  been  properly  and  truly  remarked  by  Mr.  Adamson  (page 
495)  that  high-class  delicate  machines  were  an  education  to  the  girls 
who  worked  them  ;  for  an  observation  of  that  class  of  girls,  since  the 
year  1854  when  he  first  went  to  Loughborough,  led  him  to  believe 
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that  this  was  certainly  the  case ;  their  intelligence  was  educated  by 
working  the  machines,  and  there  was  no  class  of  operatives  so 
intelligent  as  those  who  worked  delicate  machines  involving 
mechanical  contrivance  of  a  high  class.  The  fear  had  sometimes 
been  entertained  that  the  invention  of  these  knitting  and  weaving 
machines  might  have  the  effect  of  taking  the  bread  out  of  the  mouths 
of  the  poor  girls.  There  had  been  three  or  four  generations  of 
these  girls  since  he  had  been  in  Loughborough,  because,  although 
they  took  to  the  trade  at  the  age  of  fourteen  or  sixteen,  they  did  not 
stoj)  long  in  it ;  one  generation  followed  another  very  rapidly, 
because  they  generally  had  high  wages,  and  high  wages  meant 
speedy  marriages.  When  he  started  in  Loughborough  in  1854,  the 
average  wages  of  the  best  class  of  girls  occupied  in  the  hosiery 
manufacture  were  8s.  a  week ;  he  paid  one  8s.  6cZ.,  and  there  were 
only  one  or  two  others  in  the  town  receiving  the  same  wages. 
But  in  1885-6,  which  was  a  time  of  prosperous  trade,  the  wages 
were  19s.  or  20s. ;  and  even  at  the  present  time  in  the  hosiery 
districts  of  Nottinghamshire,  Leicestershire,  and  Derbyshire, 
although  the  trade  was  certainly  slack  and  the  hosiery  manufacturers 
were  saying  that  they  were  making  absolutely  no  profits,  a 
moderately  intelligent  girl  would  not  work  at  this  class  of  work  for 
less  than  14s.  to  16s.  a  week,  being  double  the  amount  of  their  wages 
in  1854.  Thus  the  introduction  of  such  delicate  machinery  had 
not  only  increased  the  skill  and  intelligence  of  the  girls,  but  had 
also  increased  their  wages  and  comfort. 

The  remark  made  by  Mr.  Birckel  (page  495)  respecting  the 
control  of  the  movements  to  1-50 th  of  an  inch  really  fell  short  of  the 
actual  fact,  inasmuch  as  the  lateral  movements  of  the  troughs  had  to 
be  controlled  to  l-500th  of  an  inch  on  either  side  of  the  correct 
position,  making  a  total  extreme  range  of  l-250th  of  an  inch.  The 
workmen  in  his  shops  used  as  an  ordinary  tool  not  only  a  common 
old-fashioned  pair  of  callipers,  adjusted  by  tapping  to  see  if  the 
dimension  was  right,  but  also  habitually  Whitworth's  measuring 
machines,  which  measured  l-10,000th  of  an  inch.  Every  man  and 
boy  who  was  employed  upon  the  fitting  work  had  to  learn  to  use  that 
machine  and  to  measure  to  half  of  1-1 0,000th  of  an  inch  ;  and  this 
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was  done  habitually  without  auy  difficulty.  It  was  only  right  that 
he  should  express  his  own  acknowledgments  to  Mr.  Whitworth,  a 
former  President  of  this  Institution,  for  inventing  such  a  machine, 
which  enabled  such  a  degree  of  accuracy  to  be  attained.  An 
examination  of  the  fabrics  exhibited  would  show  that  a  variation 
of  l-200th  of  an  inch  in  the  motion  of  the  needles  would  make  a 
sensible  diftcrence  in  the  fabric  woven. 

As  illustrating  the  necessity  for  the  connectors  which  prevented 
the  main  bar  and  the  knocking-over  bar  from  springing  apart  when 
the  presser-bar  came  into  action,  he  might  recall  the  fact  that  even 
large  engine  cylinders  when  bored  horizontally  had  been  found  on 
being  placed  upright  to  have  been  bored  oval,  in  consequence  of 
having  actually  sagged  on  the  boring  table  to  an  appreciable  extent. 
Similarly  in  planing  the  pressors,  if  they  were  planed  with  the 
greatest  accuracy  in  the  best  planing  machine,  they  would 
nevertheless  be  fully  l-50th  of  an  inch  out  of  horizontal  in  the 
7  feet  width  of  the  weaving  machine,  simply  in  consequence  of 
sagging  under  their  own  weight.  By  the  addition  of  the  connectors 
however,  connecting  the  main  bar  with  the  knocking-over  bar,  the 
two  bars  were  prevented  from  being  sprung  apart  from  each  other  at 
any  part  from  one  end  to  the  other ;  whereas  without  that  provision 
there  was  no  bar  of  such  a  length  that  would  not  give,  with  the  mere 
differences  of  heat,  to  an  extent  sufficient  to  prevent  the  effective 
action  of  the  presser. 

The  needle  used  in  this  machine  had  been  invented  by  William 
Lee  tkree  hundred  years  ago.  Every  hosiery  machine,  whether  a 
warp  machine  or  a  knitting  machine,  depended  entirely  on  these 
needles.  They  were  made  wholly  by  machinery,  except  the  filing  of 
the  point  and  the  bending  over  of  the  beard,  which  were  done  by 
hand.  The  groove  into  which  the  beard  was  pressed,  for  allowing 
the  loop  to  pass  over  it,  was  made  simply  by  punching  the  groove  in 
the  wii-e,  which  had  now  been  done  for  about  twenty-five  years  past 
by  a  machine,  instead  of  by  hand  as  formerly. 

In  reference  to  the  wear  and  tear  of  the  machine,  only  one  of 
these  machines  had  as  yet  been  running  for  about  two  months,  making 
samples,  in  order  to  ascertain  what  it  could   do  ;  and  it  was  not 
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possible  therefore  at  present  to  speak  j)ositively  as  to  its  wear  and 
tear.  Inferentially  liowever  he  could  speak  confidently,  because  the 
pressor  and  the  needles  and  the  hooks  were  the  parts  on  which  the 
chief  wear  would  come ;  and  only  recently  he  had  happened  to  see 
his  first  knitting  machine,  having  similar  working  parts,  which  had 
been  set  to  work  in  1862,  and  was  still  running  satisfactorily  after 
twenty-six  years'  regular  work. 

The  President  was  sure  the  Members  were  highly  gratified  at 
having  had  the  pleasure  of  listening  to  a  paper  explaining  what  was 
perhaps  one  of  the  most  beautiful  contrivances  for  replacing  in 
certain  kinds  of  work  the  Jacquard  system  of  cards.  He  knew  of 
no  comparison  that  fitted  this  machine  better,  producing  as  it  did 
various  i^atterns  and  obtaining  various  changes  in  such  a  simple 
manner  as  that  described,  and  thus  in  some  cases  taking  the  place  of 
the  Jacquard  system,  which  had  itself  constituted  such  a  great  stride 
in  advance  of  the  older  methods.  He  was  sure  the  Members  would 
join  in  a  hearty  vote  of  thanks  to  the  author  for  his  able  paper,  and 
for  the  additional  explanations  he  had  given. 
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ON  GAS  ENGINES, 
WITH  DESCRIPTION  OF  THE  SIMPLEX  ENGINE. 


By  Mr.  EDOUAED  DELAMAEE-DEBOUTTEVILLE,  of  Rolen. 


Historical. — Nearly  a  century  has  elapsed  since  the  first  definite 
description  was  given  of  a  gas  engine  ;  and  many  years  passed  hefore 
this  ingenious  idea  was  developed  into  a  practical  working  machine. 
No  sooner  had  the  first  gas  motor  been  got  practically  to  work  than 
improvements  rapidly  suggested  themselves,  and  were  not  long  in 
ensuring  success.  It  is  not  intended  to  review  the  numerous 
inventions  relating  to  gas  engines ;  but  it  will  be  of  interest  to 
recall  those  which  have  been  conspicuous  by  the  importance  of  their 
results. 

From  31st  October  1791,  when  John  Barber  published  the  first 
description  of  a  gas  motor,  until  24th  January  1860,  when  Lenoir 
brought  out  his  well-known  engine,  thirty-eight  patents  were  taken 
out  in  France  and  elsewhere :  and  in  glancing  through  these  old 
documents  it  is  surprising  to  recognise  in  them  all  the  ideas 
which  are  supposed  to  have  originated  only  yesterday,  besides  others 
which  may  turn  out  to  be  the  success  of  tomorrow.  Since  the  later 
date  nearly  700  patents  have  been  taken  out,  and  from  an  examination 
of  these  it  would  seem  as  though  there  were  nothing  further  left  to 
invent ;  nevertheless  each  year  gives  rise  to  ideas  that  are  new  in 
their  apj)lication,  even  if  not  novel  in  themselves.  Such  eiforts 
cannot  fail  to  result  in  a  radical  change  of  the  former  plans. 

Up  to  1860  the  various  inventors  may  be  said  to  have  worked  in 
ignorance  of  one  another's  doings,  and  their  designs  clearly  show  that 
their  ideas  were  original  with  themselves ;  their  attention  was 
directed  not  to  the  improvement  of  previous  inventions,  but  to  the 
search  after  combinations  which  they  supposed  to  be  new.  But 
when  the  first  gas  engines  were  got  j)ractically  to  work,  the  new 
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ideas  followed  the  current  of  the  time.  The  inventors  who  succeeded 
Lenoir  set  themselves  to  improve  the  double-acting  engine ;  now 
they  are  endeavouring  to  apply  the  four-stroke  cycle  of  Beau  de 
Eochas.  Is  this  arrangement  likely  to  be  final  ?  Will  no  better 
plan  be  discovered  for  rendering  the  gas  engine  a  successful  rival 
of  the  steam  engine  ?  As  yet  it  is  impossible  to  answer  so  intricate 
a  question ;  but  pending  some  radical  change,  endeavours  can  at 
any  rate  be  made  to  improve  existing  gas  engines,  and  to  simplify 
their  construction  and  working.  Until  very  recently  the  gas  engine 
has  been  applied  especially  where  only  small  power  is  required ;  its 
application  for  such  powers  as  have  hitherto  been  considered  the 
province  of  steam  is  reserved  for  the  future.  A  rapid  examination  of 
the  most  important  inventions  since  1791  will  enable  a  notion  to  be 
formed  of  what  has  already  been  accomplished,  and  of  what  still 
remains  to  be  done. 

At  that  date  there  were  no  gas  works  ;  and  accordingly  John 
Barber  described  what  he  considered  the  best  processes  for  producing 
the  gas.  He  proposed  to  distil  coal,  wood,  oil,  or  other  combustible 
in  a  retort ;  and  then  by  means  of  a  pump  to  inject  the  gas  into  a 
cylinder  in  which  the  explosion  should  take  place.  A  second  pump 
injected  air  in  suitable  proportions,  and  ignition  was  effected  by 
the  flame  of  a  match  or  candle.  To  avoid  excessive  heating,  he 
advised  injecting  water  by  a  pump.  Although  his  machine  could 
never  have  been  a  practical  success,  it  is  of  interest  as  representing 
the  first  clear  idea  of  an  engine  driven  by  explosive  gas. 

Three  years  later  Robert  Street  described  a  gas  engine  consisting 
of  a  cylinder  and  piston,  with  a  slide-valve  containing  the  flame  for 
igniting  the  explosive  mixture.  The  mixture  was  produced  by 
allowing  a  few  drops  of  oil  of  turpentine  to  fall  on  the  bottom 
of  the  cylinder,  which  was  superheated  by  a  stove ;  while  the  piston, 
raised  by  the  fly-wheel,  sucked  in  air,  which  combining  with  the 
vapour  of  turpentine  rendered  it  explosive.  The  flame  in  the  slide- 
valve  ignited  the  mixture,  whereby  the  motive  power  was  produced. 

William  Barnett's  invention,  dated  18th  April  1838,  and  shown 
in  Fig.  1,  Plate  101,   marks  an  important  step  in   the  history  of 
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gas  engines.  He  describes  three  kinds  of  motor,  the  first  single- 
acting  and  tlie  second  double-acting,  while  -in  the  third  and  most 
interesting  the  principle  of  compression  was  inti'oduced.  In  this  last, 
Fig.  1,  the  gaseous  mixture  was  admitted  on  both  sides  of  the 
piston.  Two  pumps,  driven  at  twice  the  speed  of  the  motor, 
compressed  the  air  and  the  gas  separately ;  and  the  compressed  air 
and  gas  were  mixed  in  the  cylinder  at  the  beginning  of  each  stroke, 
and  were  there  ignited.  A  third  pump  was  used  for  clearing  the 
cylinder  of  the  burnt  gases  after  their  expansion.  It  is  in  this 
arrangement  that  the  advantage  of  compression  is  first  clearly 
pointed  out ;  and  to  this  innovation  must  be  added  also  the  novel 
method  of  ignition.  Eecognising  the  difficulty  of  igniting  an 
explosive  mixture  in  a  state  of  compression,  Barnett  proposed  to 
use  a  cock  with  a  hollow  plug  containing  a  gas  burner.  Figs.  2 
and  3.  When  turned  into  one  position,  the  port  in  the  plug  put 
the  burner  into  communication  with  an  external  flame  which  lit  it ; 
and  being  then  turned  rapidly  into  another  position  it  shut  off  the 
communication  with  the  external  air,  and  brought  the  internal  flame 
into  contact  with  the  compressed  gas  in  the  cylinder.  This  mode  of 
conveying  the  flame  certainly  could  not  ensure  a  regular  ignition ; 
but  it  marks  the  first  step  in  that  direction,  and  on  this  account  is 
worthy  of  notice. 

John  Eeynolds  in  1844  proposed  an  electric  battery,  the  current 
from  which  was  to  heat  a  platinum  wire  to  incandescence,  and  thereby 
cause  ignition.  A  contact-breaker  transmitted  the  current  at  the 
instant  reqiiired. 

Shepherd  in  1850  used  an  electro-magnetic  machine  for  igniting 
the  mixture. 

Eugene  Barsanti  and  Felix  Matteucci  in  1857  described  a 
atmospheric  motor,  the  precursor  of  the  well-known  Otto  and  Langen 
engine,  which  it  closely  resembled  in  external  appearance,  although 
from  a  practical  point  of  view  it  was  by  no  means  all  that  could  be 
desired.  The  only  detail  worthy  of  notice  was  the  employment  of  a 
Bunsen  battery,  furnished  with  a  De  la  Eive  multipliei*,  the  sparks 
from  which  caused  the  ignition.  Subsequently  in  the  Lenoir  engine 
the  De  la  Eive  multiplier  was  replaced  by  a  Euhmkorff  coil. 
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In  1858  and  1859  Degrand  described  a  whole  series  of 
applications  of  gas  engines,  and  in  particular  a  compression  engine 
in  connection  with  which  the  four-stroke  cycle  is  mentioned  ;  but 
unfortunately  the  mechanical  details  proposed  were  not  of  a  practical 
nature. 

Early  in  1860,  which  will  always  be  a  memorable  year  in  the 
history  of  gas  motors,  Lenoir  produced  the  first  practically  successful 
gas  engine :  on  which  account  he  may  be  regarded  as  the  inventor 
of  the  gas  engine.  His  engine,  shown  in  Fig.  4,  Plate  102,  is  too 
well  known  to  require  description ;  but  it  is  interesting  to  remark 
that  in  its  final  form  it  embodied  six  successive  additions  to  the 
original  invention  ;  and  it  is  only  by  following  this  long  course  of 
improvement  that  the  ingenuity  of  the  inventor  and  the  merit  of 
his  invention  can  be  duly  appreciated.  Unfortunately  his  engine  did 
not  realise  all  the  success  it  deserved ;  its  two  chief  drawbacks  were 
a  defective  mode  of  ignition,  and  an  extravagant  consumption  of  gas. 

No  sooner  had  the  Lenoir  engine  become  known  than  it  became 
the  subject  of  lively  discussion,  not  only  in  regard  to  its  practical 
advantages  and  disadvantages,  but  especially  as  concerned  the 
scientific  conditions  of  its  working.  A  fresh  stimulus  was  given 
to  inventors,  whose  efforts  were  no  longer  confined  to  fresh 
combinations  of  details  more  or  less  novel,  but  were  directed  to 
new  conditions  of  working ;  and  many  fresh  cycles  were  proposed, 
which  it  would  be  too  lengthy  to  describe.  One  specification 
however  is  worthy  of  particular  notice,  not  only  on  account  of  its 
direct  bearing  on  the  subject  of  this  paper,  but  also  for  the 
remarkable  clearness  with  which  the  scientific  conditions  of  a 
rational  mode  of  working  are  laid  down,  and  the  precision  with 
which  the  author,  Mr.  Beau  de  Eochas,  has  pointed  out  in  detail  the 
requirements  to  be  fulfilled  for  attaining  the  most  economical 
result. 

In  1862  Mr.  Beau  de  Eochas  published  a  specification  dealing 
in  detail  with  several  scientific  questions  ;  the  portion  only  which 
relates  to   gas  engines  will  here  be  summarised  as  comj^letely  as 
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possible.  The  theories  therein  broached  have  already  led  to 
remarkable  results  in  practice,  and  a  more  thorough  investigation 
of  them  will  probably  be  attended  by  many  further  improvements. 
Without  noticing  the  non-compression  motor,  the  arrangement  with 
preliminary  compression  will  at  once  be  considered.  Before 
proceeding  to  describe  the  plan  by  which  he  proposes  to  fulfil  the 
conditions  theoretically  required,  Mr.  Beau  de  Eochas  lays  down 
four  conditions  as  essentially  necessary  for  realizing  the  best  results 
from  the  elastic  force  of  gas  : — (1)  the  cylinders  should  have  the 
largest  capacity  possible  with  the  smallest  circumferential  surface  ; 
(2)  the  speed  should  be  as  high  as  possible ;  (3)  the  expansion  should 
be  as  great  as  possible ;  (4)  the  initial  pressure  should  be  as  high  as 
possible. 

(1)  For  a  given  expenditure  of  gas,  the  greatest  diameter  of 
cylinder  will  correspond  with  the  most  effective  utilization  of  the 
heat.  Wherever  possible  therefore  a  single  cylinder  only  should  be 
employed  for  each  individual  motor. 

(2)  But  time  is  a  factor  in  the  dissipation  of  heat.  Other  things 
being  equal,  the  slower  the  speed  the  greater  will  be  the  loss  of 
heat.  For  the  same  jiower  a  quicker  speed  means  a  smaller 
cylinder ;  but  the  antagonism  between  this  and  the  preceding 
condition  vanishes  if  it  is  remembered  that  for  a  given  expenditure 
the  relation  between  the  stroke  and  the  capacity  of  the  cylinder 
need  not  always  be  the  same. 

(3)  In  a  gas  engine,  just  as  in  one  actuated  by  steam  or  other 
elastic  vapour,  the  greatest  range  of  expansion  gives  the  best  result. 
But  under  the  conditions  already  stated  the  maximum  range  is 
limited  by  the  circumstances  of  each  special  case.  Therefore  that 
arrangement  which  allows  the  freest  range  of  expansion,  or  in 
other  words  which  permits  the  earliest  cut-off  practicable,  will  prove 
the  most  advantageous. 

(4)  Lastly,  the  utilisation  of  the  elastic  force  of  gas  depends  on 
another  element  connected  with  the  advantage  of  great  expansion. 
This  element  is  the  pressure,  which  for  the  best  result  should  be 
as  high  as  possible.  It  is  evident  that  the  case  here  dealt  with  is 
one  of  expansion  in  a  heated  state  following  after  compression  in  a 
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cold  state,  or  of  prolonging  tlie  expansion  by  a  method  inverse  to  that 
which  consists  in  creating  a  vacuum  :  such  an  inverse  method  would 
not  be  apj)licable  to  steam,  since  all  compression  must  involve  a 
corresponding  condensation,  so  that,  even  if  steam  were  combustible, 
instantaneous  heating  would  thereby  be  rendered  impossible. 

The  fundamental  idea  of  Mr.  Beau  de  Eochas  is  thus  clearly 
seen  to  consist  in  the  compression  of  the  gaseous  mixture  to  the 
greatest  extent  practicable  before  ignition.  Manifestly  the  only 
practical  way  to  do  this  is  to  use  a  single  cylinder,  first  on  account 
of  the  advantage  of  having  as  large  a  one  as  possible,  and  next 
in  order  to  minimise  the  resistances  of  the  mixture.  As  a  natural 
consequence,  for  either  end  of  the  cylinder,  the  following  sequence 
of  operations  should  take  place  during  four  consecutive  strokes : — 
a,  drawing  in  the  gaseous  mixture  dui'ing  an  entire  (forward)  stroke  ; 
h,  compression  during  the  second  (return)  stroke ;  c,  ignition  at  the 
dead  point,  and  expansion  during  the  third  (forward)  stroke  ; 
d,  expulsion  of  the  burnt  gas  during  the  fourth  (return)  stroke. 
Such  an  engine,  he  is  of  opinion,  evidently  fulfils  the  condition  of 
the  largest  possible  cylinder,  as  well  as  the  still  more  important 
condition  of  preliminary  compression.  Moreover  the  speed  of  the 
piston  is  the  greatest  possible  in  proportion  to  its  diameter,  since 
the  work  which  would  otherwise  be  performed  in  two  strokes  is 
accomplished  in  only  one. 

In  1863  Mr.  Hugon  brought  out  a  motor,  in  which  ignition 
was  eflected  by  a  gas  flame  conveyed  by  the  slide-valve ;  the 
arrangement  was  ingenious,  but  the  motor  had  only  a  moderate 
success. 

In  1867  at  the  Paris  Exhibition  Messrs,  Otto  and  Lansen 
produced  their  atmospheric  motor.  Fig.  5,  Plate  103,  which  bore  a 
strong  resemblance  to  that  of  Barsanti  and  Matteucci.  Its 
construction  was  good,  and  its  working  a  practical  success.  The 
rack  and  clutch  motion  was  worthy  of  special  notice,  the  slide-valve 
was  ingenious,  and  the  economy  of  consumption  was  considerable  ; 
but  its  working  was  both  noisy  and  violent.  A  description  of  this 
engine  was  given  to  the  Institution  in  1875  (Proceedings,  page  191). 

2  s  2 
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The  Bisscliop  motor,  Figs.  7  to  11,  Plato  104,  appeared  ia  1870, 
but  its  success  was  confined  to  engines  of  very  small  power,  of 
which  a  large  number  were  made.  It  would  probably  have  been 
still  more  extensively  adopted,  had  it  not  been  for  the  Otto  engine, 
which  was  brought  out  six  years  later,  in  187G. 

Dr.  Otto's  inventions  were  two :  the  first  in  1876  related  to 
two  kinds  of  engine,  one  without  compression  and  the  other  with ; 
the  second  in  1877  had  reference  to  improvements  in  the  slide-valve 
of  the  compression  engine  and  to  other  details.  The  compression 
engine  alone  will  here  be  considered,  inasmuch  as  at  the  preseut 
time  the  non-compressing  engine  may  be  regarded  as  abandoned, 
on  account  of  its  excessive  consumption.  The  fundamental  idea  of 
the  engine  is  based  on  the  four-stroke  cycle  of  Mr,  Beau  de  Eochas, 
already  described.  In  connection  with  his  1876  invention.  Dr.  Otto 
enunciated  a  theory  of  the  stratification  of  the  charge  in  three 
layers.  In  this  stratified  condition  the  charge  was  imagined  to  be 
composed,  firstly,  of  a  layer  comprising  the  products  of  combustion 
from  the  preceding  stroke ;  secondly,  of  a  layer  of  pure  air  allowed 
to  enter  at  the  commencement  of  the  admission ;  and  thirdly,  of  a 
combustible  mixture  of  air  and  gas  admitted  afterwards.  According 
to  the  theory,  this  stratified  charge  resulted  in  a  less  violent 
explosion,  a  successive  combustion  of  one  molecule  after  another, 
more  regular  and  more  silent  working,  and  great  economy  in 
consumption.  Although  the  theory  might,  owing  to  the  then  limited 
knowledge  of  the  subject,  be  accepted  at  that  time,  it  can  no  longer 
be  maintained,  as  its  fallacy  is  demonstrated  by  every-day  practice. 
But  though  from  a  scientific  point  of  view  Dr.  Otto  was  not 
fortunate,  from  a  practical  point  few  inventors  have  achieved  so 
decided  a  success,  and  for  many  years  he  was  the  only  maker  of  gas 
engines. 

The  Otto  engine.  Fig.  12,  Plate  105,  is  so  well  known  to 
engineers  that  any  detailed  description,  beyond  the  general  fact  that 
it  is  a  single-acting  motor  on  the  principle  of  the  four-stroke  cycle, 
would  be  superfluous.  But  the  method  adopted  in  1877  for  igniting 
the  combustible  mixture  appears  to  req^uire  noticing ;  and  a  critical 
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examination  of  this,  and  of  tlie  principal  methods  previously  used, 
seems  indispensable,  inasmuch  as  the  improvements  introduced  by 
the  author  had  their  origin  in  such  an  investigation. 

Ignition. — The  arrangement  for  ignition  in  the  Otto  engine  is 
shown  in  Figs.  13  to  20,  Plate  106.  In  the  slide-valve  cover  is  an 
external  flame  at  F,  Figs.  13  and  14  ;  and  through  the  back  end 
of  the  horizontal  cylinder  is  pierced  a  port  P,  Fig.  20,  for 
first  admitting  the  gaseous  mixture  and  afterwards  igniting  it. 
Above  the  port  there  is  also  a  small  hole  J,  through  which  an 
equilibrium  of  pressure  is  established  between  the  gaseous  mixture 
in  the  cylinder  and  that  in  the  firing  cavity  C,  which  is  formed  in 
the  middle  of  the  length  of  the  slide-valve,  Figs.  16  to  19.  In  the 
end  of  the  slide-valve  furthest  from  the  external  flame  F  is  a  mixing 
chamber  M,  in  which  the  gas  and  air  become  intimately  mixed  as 
they  pass  through  it  into  the  cylinder  port  P.  By  a  special 
arrangement  the  firing  cavity  C  is  charged  with  a  mixture  of  air 
and  gas  in  suitable  proportions  ;  the  slide-valve  then  begins  its 
stroke,  and  brings  the  firing  cavity  to  the  external  gas-burner  F, 
by  which  the  charge  it  contains  is  ignited.  The  valve  being  worked 
by  a  connecting-rod  from  a  crank-pin,  the  flame  inside  its  csfsritj  is 
carried  forwards  quickly,  to  be  communicated  to  the  compressed 
mixture  in  the  cylinder,  the  communication  with  the  outer  air  being 
cut  oif  by  the  same  movement  of  the  valve,  so  that  the  flame  in  its 
cavity  is  not  exposed  to  any  external  influence. 

If  this  momentary  flame  were  at  once  brought  into  contact  with 
the  compressed  mixture,  it  would  be  blown  out  by  the  violent 
current  set  up  by  the  rush  of  the  mixture  into  the  firing  cavity  ; 
but  this  is  avoided  by  an  ingenious  arrangement.  The  small  hole  J 
in  the  cylinder  face,  Fig.  20,  Plate  106,  is  slightly  in  advance  of  the 
port  proper,  so  that  it  comes  line  and  line  with  a  similar  hole  E  in 
the  valve  itself,  Figs.  16  to  18,  before  the  firing  cavity  C  reaches  the 
port  P.  The  hole  E  goes  through  into  the  firing  cavity  C,  so  that  a 
minute  volume  of  the  compressed  gases  from  the  cylinder  entering 
thereby  into  the  larger  space  of  the  cavity  becomes  partially 
expanded,  and  revives  the  flame  just  dying  out.     At  this  instant  the 
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edge  of  the  slide  cavity  comes  line  and  line  with  tliat  of  tlie 
cylinder  port;  and  as  the  pressure  of  the  ignited  mixture  in  the 
firing  cavity  C  has  thus  been  gradually  increased  considerably, 
there  is  no  fear  of  its  flame  being  extinguished,  or  failing  to  ignite 
the  charge  in  the  cylinder.  As  an  additional  precaution,  the 
cylinder  port  is  made  of  a  sjiccial  shape,  and  is  filled  beforehand 
with  a  mixture  richer  in  gas ;  and  it  is  by  this  richer  mixture, 
containing  none  of  the  products  of  combustion  from  the  previous 
stroke,  that  the  firing  flame  is  revived  inside  the  cavity  C  in  the 
slide-valve. 

The  plan  just  described  is  very  complicated ;  it  depends  on 
numerous  orifices  which  become  rapidly  incrusted,  owing  to  the 
flame  that  fills  them  at  the  moment  of  ignition  ;  a  layer  of  carbon 
is  deposited  on  their  walls,  and  soon  attains  a  considerable  thickness. 
To  ensure  the  equilibrium  of  pressure  with  sufficient  nicety,  the 
setting  of  the  slide-valve  must  be  adjusted  to  less  than  a  hundredth 
of  an  inch ;  and  however  well  the  valve  may  work  at  first,  it  is 
soon  aftected  by  the  deposit,  and  must  be  frequently  cleaned,  if  the 
best  working  is  to  be  maintained.  Moreover,  being  so  much  reduced 
in  substance  at  the  firing  cavity,  the  slide-valve  is  easily  buckled  by 
the  heat  of  the  flame  inside  it,  and  its  working  is  thereby  impaired. 
The  slide  itself  gets  very  hot,  and  the  flame  both  inside  and  outside 
burns  up  the  oil  on  the  rubbing  faces,  and  the  combination  of  these 
two  defects  causes  frequent  seizing.  Considering  the  nicety  of  the 
operation  of  transporting  a  flame  in  so  confined  a  space,  it  is  not 
surprising  that,  however  accurate  may  have  been  the  original 
construction  and  adjustment,  misfires  are  of  pretty  frequent  occurrence, 
arising  either  from  failure  to  ignite  at  the  outside  burner,  or  from 
premature  extinction  of  the  inside  flame,  or  from  absence  of  perfect 
equilibrium  of  pressure  at  the  required  moment ;  and  these  misfires 
must  correspondingly  diminish  the  power  of  the  engine.  When  a 
rich  gas  is  employed,  such  as  is  supplied  in  towns,  the  ignition 
dependent  upon  equilibrium  of  pressure  is  tolerably  regular,  because 
such  gas  is  easy  to  light ;  but  with  a  poor  gas  the  problem  becomes 
more  difficult,  and  for  this  reason  the  use  of  poor  gas  has  not  made 
much  progress.      A  much  sfrouger  flame  is  required  to  efl*ect  with 
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certainty  the  ignition  of  a  poor  mixture.  With  a  large  engine, 
starting  becomes  an  operation  of  great  nicety  wlien  the  flame  has  to 
be  conveyed,  because  if  the  slide-valve  does  not  travel  with  sufficient 
rapidity  the  flame  inside  it  is  burnt  out  before  reaching  the  charge 
in  the  cylinder ;  and  it  is  no  easy  matter  to  impart  sufficient  initial 
velocity  to  a  fly-wheel  of  any  considerable  weight. 

An  examination  of  Lenoir's  mode  of  ignition  in  1860,  which  has 
since  been  repeatedly  copied,  discloses  still  more  serious  defects ; 
and  these  defects  were  obvious  from  the  first,  inasmuch  as  all 
subsequent  inventors,  including  even  Dr.  Otto,  have  been  compelled 
to  adopt  an  actual  flame  as  more  certain  and  less  troublesome.  In 
Lenoir's  method  an  insulator  containing  a  platinum  wire  was  fixed 
at  each  end  of  the  cylinder,  and  another  platinum  wire  was 
fixed  inside  the  cylinder,  with  its  extremity  at  a  short  distance 
from  the  first.  The  two  wires  were  connected  respectively  with  the 
positive  and  the  negative  pole  of  a  Ruhmkorff  coil,  to  which  a 
battery  sent  its  current ;  on  the  circuit  being  completed  by  a  key  at 
the  proper  moment,  a  spark  passed  from  point  to  point,  and  the 
mixture  was  fired.  The  current  was  then  interrupted,  and  was  again 
sent  to  the  coil  in  the  next  revolution  of  the  engine.  At  first  sight 
this  may  appear  an  excellent  plan,  but  it  is  not  found  to  work  well 
in  practice.  The  following  is  what  takes  place : — on  first  starting 
there  occurs  a  condensation  of  aqueous  vapour,  while  the  metal  is 
taking  up  heat ;  the  platinum  points  inside  the  cylinder  become 
covered  with  moisture,  and  the  spark  passes  only  at  intervals,  or 
even  not  at  all,  thereby  causing  difficulty  in  starting  and  irregularity 
in  running.  Moreover  while  running  the  points  may  become  coated 
with  the  oil  used  for  lubrication,  when  the  same  defective  ignition 
is  the  result.  And  immersed  as  they  are  in  the  explosive  mixture, 
tlie  points  become  speedily  coated  with  carbon,  and  the  current  is 
intercepted. 

Another  cause  of  irregularity  occurs  in  the  interrupter  itself,  as 
follows.  If  it  could  be  arranged  that  the  mixture  should  be  ignited 
only  at  the  exact  moment  of  the  key  actually  touching  the  plate,  the 
ignition  would  be  regular;    but  it  is  well  known  that  the  current 
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whicla  has  passed  through  the  coil  becomes  so  intensified  as  to  begin 
jmssing  between  the  key  and  the  plate  at  as  much  as  nearly  j-inch 
distance,  thereby  causing  ignition  at  irregular  periods.  To  avoid 
this  as  far  as  possible,  interrupters  acting  suddenly  are  resorted 
to ;  but  these  wear  out  rapidly,  and  are  always  rather  complicated. 
At  first  sight  this  might  seem  to  be  a  minor  objection,  as  it  might  be 
thought  that  a  variation  in  the  moment  of  ignition  corresponding 
with  a  distance  of  less  than  f-inch  between  the  points  of  contact 
would  be  of  no  practical  account ;  but  a  comparison  of  diagrams 
taken  with  these  variations  in  the  time  of  ignition  shows  how  widely 
they  differ  :  it  is  surprising  to  note  the  difference  in  the  indicated 
power  when  the  moment  of  ignition  varies  by  even  so  little  as 
l-20th  of  a  second.  There  is  also  the  liability  to  an  accident  which 
the  author  has  twice  met  with  in  his  early  trials :  one  pole — say  the 
negative — is  in  direct  connection  with  the  engine  frame,  the  whole 
of  which  is  therefore  negatively  electrified ;  and  it  may  happen  at 
any  moment  that,  although  the  communication  with  the  positive  pole 
has  not  been  made,  a  spark  may  pass  between  the  points,  and  ignite 
the  mixture  prematurely  before  the  crank  has  passed  the  centre. 

A  course  of  practical  experiments  on  the  various  modes  of 
ignition  has  shown  the  full  importance  of  a  good  ignition.  For 
certainty  of  working,  it  is  indispensable  to  have  an  absolutely  certain 
ignition,  powerful  enough  to  exj)lode  a  poor  gas,  and  free  from  the 
numerous  objections  already  indicated.  As  a  matter  of  fact  the  only 
two  methods  of  ignition  are  by  an  actual  flame  and  by  electricity ; 
the  choice  is  therefore  confined  to  the  various  apjjlications  of  these 
two  methods,  A  powerful  ignition  is  the  requirement  of  greatest 
importance,  and  this  is  comi)letely  realised  only  by  the  electric  spark. 
All  other  modes  of  ignition  by  flame  have  proved  inferior  to  it, 
including  alike  the  heating  of  a  platinum  wire  by  a  flame,  and  the 
plan  of  raising  a  thin  tube  to  a  red  heat. 

The  latter  is  an  old  plan  which  was  carefully  described  by 
Mr.  Leo  Funck  in  March  1879,  and  is  shown  in  Fig.  6,  Plate  103  ; 
it  gives  a  pretty  regular  ignition,  but  is  not  free  from  inconveniences, 
the  chief  of  which  is  that  the  heat  of  the  tube  never  equals  the 
igniting  power  of  the  electric  spark,  and  the  plan  is  consequently 
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not  SO  applicable  where  poor  gases  are  used,  while  the  tubes 
themselves  deteriorate  so  rapidly  that  they  last  only  a  few  houi'S. 
Their  wear  is  the  result  of  the  high  pressure  produced  within  the 
cylinder  at  the  moment  of  ignition,  when  the  white-hot  tube  is 
exposed  externally  to  atmospheric  pressure  only ;  the  compressed  gas 
is  admitted  inside  the  tube,  and  a  still  higher  pressure,  tending  to 
burst  the  tube,  is  produced  by  ignition.  If,  to  avoid  this,  the  tube 
is  made  thicker,  it  does  not  attain  the  white  heat  requisite  for  good 
ignition.  Moreover  the  tube  is  cooled  by  the  partial  expansion  of 
the  compressed  gas  admitted  to  its  interior,  and  this  cooling  still 
further  reduces  the  chances  of  a  good  ignition. 

K  a  valve  is  employed  to  regulate  the  moment  of  ignition  within 
the  tube,  there  is  the  further  risk  of  a  premature  explosion,  tending 
to  reverse  the  direction  of  revolution  of  the  fly-wheel.  This  might 
result  from  the  valve  not  bearing  properly  on  its  seat  at  any  moment, 
thereby  allowing  the  passage  of  a  thin  stream  of  compressed  gas, 
which  would  be  prematurely  ignited. 

It  might  appear  that  the  ill  effect  of  the  difference  bet^veen  the 
internal  and  external  pressures  could  be  avoided  simply  by  placing 
the  tube  inside  the  cylinder;  but  this  would  entail  even  greater 
objections.  The  tube  holder  would  have  to  be  removed,  whenever  it 
had  be.-ome  incrusted  from  being  situated  in  the  midst  of  the 
exploded  gas  ;  it  would  suffer  raj)id  deterioration  from  the  high 
internal  temperature  ;  there  would  always  be  the  fear  of  premature 
explosions ;  and  with  this  arrangement,  after  every  stoppage  an 
independent  method  of  ignition  would  be  necessary  until  the  internal 
tube  had  been  brought  to  a  white  heat,  thus  involving  two  methods 
instead  of  one. 

The  use  of  a  platinum  wire  heated  to  incandescence  by  an  electric 
current  still  remains  to  be  considered.  As  in  the  ease  of  the  hollow 
tube  just  described,  the  wire  is  attended  with  the  disadvantage  of 
cooling  at  the  moment  of  the  introduction  of  the  gaseous  mixture, 
and  it  is  consequently  irregular  in  firing.  Even  without  this  fault, 
it  is  easy  to  see  that  the  heating  power  of  a  wire  raised  to  a 
white  heat  must  be  inferior  to  that  of  a  strong  spark,  which  is  not 
affected  either  by  cooling  action  or  by  violent  currents  of  air. 
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Simplex  Engine. 

The  Simplex  engine,  sbowu  in  Figs.  21  to  33,  Plates  107  to  111, 
invented  by  the  author  and  Mr.  Leun  Mahxndin,  was  brought  out  in 
1884.  It  is  on  the  plan  of  the  four-stroke  cycle  of  Beau  de  Eochas, 
and  its  working  is  in  the  main  so  far  the  same  as  that  described  by 
him  as  to  dispense  with  the  need  of  any  general  description.  It  will 
suffice  to  examine  the  several  novel  details  which  it  presents  as 
compared  with  its  predecessors,  in  regard  to  mode  of  ignition,  gas 
mixing,  governing,  starting,  working  with  petroleum  vapour,  and 
with  poor  gas. 

3Iode  of  Ignition. — During  the  investigations  and  experiments 
undertaken  for  the  purpose  of  deciding  upon  the  general  arrangement 
of  the  new  motor,  practical  trials  were  made  of  all  the  known 
modes  of  ignition ;  and  the  conviction  was  soon  arrived  at  that  the 
electric  sj)ark  afforded  the  only  satisfactory  and  economical  means  of 
ensuring  explosion.  But  as  none  of  the  previous  modes  of  ignition 
by  this  means  had  given  thoroughly  successful  results,  the  plan  was 
devised  of  substituting  for  a  single  electric  spark,  produced  by 
contact  at  a  given  moment,  an  uninterrui)ted  stream  of  sparks, 
forming  practically  one  continuous  spark,  and  playing  within  the 
thickness  of  the  slide-valve  itself.  The  advantage  of  this  arrangement 
was  that  the  moment  of  ignition  was  regulated  by  the  edges  of  the 
ports ;  and  at  first  it  appeared  strange  that  this  device  had  not  been 
hit  upon  by  jirevious  inventors ;  but  as  soon  as  ever  the  difficulties  of 
carrying  it  out  were  encountered,  the  wonder  was  speedily  dispelled. 
For  with  the  insulated  platinum  wires  terminating  in  a  chamber 
inside  the  slide-valve,  it  was  found  in  practice  that,  although  the 
ignition  from  the  sparks  took  place  regularly  enough  so  long  as  the 
valve  was  held  tight  up  to  the  cylinder  face,  yet  whenever  from  one 
cause  or  another  the  compression  inside  the  cylinder  forced  the 
sliding  faces  apart,  the  inflammable  mixture  found  its  way  to  the 
spark  prematurely,  and  the  motion  of  the  crank  was  liable  to  be 
reversed.  This  serious  fault  was  overcome  by  placing  the  porcelain 
insulator  in  the  cover  of  the  valve,  as  shown  in  Fig.  29,  Plate  111, 
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which  made  it  impossible  for  the  explosive  mixture  to  reach  the 
spark  before  the  slide-valve  had  fairly  opened  communication  with  the 
firing  chamber  C. 

One  more  practical  detail  still  remained  to  be  achieved,  namely- 
after  each  ignition  to  clear  the  oblique  opening  V  in  the  valve  and 
the  filing  chamber   C   of  the  burnt    gases,   Fig.   29,   which  would 
otherwise  have  mingled  with  the  next  charge  of  explosive  mixture, 
and  impaired  its  explosion.     This  difficulty  has  been  got  over  by 
forming  a  small  oblique  vent-hole,  at  right  angles  to  the  length  of 
the  oblique  firing  chamber  and  communicating  from  the  outer  end  of 
the  chamber  to  the  slide-valve  face,  so  as  to  run  into  one  end  of  a 
longitudinal  groove  in  the  slide,  the  other  end  of  the  groove  being 
open  to  the  outer  air.     What  then  takes  place  is  as  follows  :  at  the 
proper  moment  for  ignition,  that  is  to  say,  when  the  edges  of  the 
oblique  passage  through  the  slide-valve  and  of  the  admission  port 
in  the  cylinder  come  line  and  line,  the  compressed  mixture  expels  the 
burnt  gases  from  the  firing  chamber  through  the  small  vent-hole, 
and  becomes  ignited   by  the  continuous   stream   of  sparks  playing 
between  the  platinum  points.     The  time  allowed  for  this  expulsion 
is  about  l-loOth  of  a  second ;   but,  owing  to  the  high  compression 
of  the  explosive  mixture,  the  burnt  gases  are  driven  out  in  even  less 
time,  so  that  their  expulsion  is  perfect,  and  the  instant  of  ignition 
is  ensured  with  mathematical  punctuality.     The  advantages  of  this 
new  mode  of  ignition  are  considerable  ;   the  slide-valve,  which  in 
other  gas  engines  is  the  part  of  greatest  nicety,  becomes  as  simple  as 
that  of  a  steam  engine,  being  merely  a  cast-iron  plate  in  one  piece 
without  any  loose  parts,  pierced  with  two  holes,  one  for  the  admission 
of  the  mixture,  the  other  for  its  ignition.     Its  maintenance  is  easy 
and  cheap,  and  with  ordinary  attention  it  will  work  for  more  than 
a  year  without  any  repairs.     This  is  a  great   improvement    over  the 
flame-carrying  and  equilibrium  slides,  which  require  to  be  frequently 
faced  up. 

By  getting  rid  of  the  gas  burner  and  of  the  conveyed  flame,  a 
considerable  reduction  is  effected  in  the  temperature  of  the  valve- 
chest,  lubrication  is  facilitated,  and  incrustation  is  done  away  with. 
The   high    igniting   power   of  the  spark  allows  of  a  considerably 
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greater  preliminary  compression  of  the  explosive  mixture,  witli  a 
corresponding  economy  in  consumption  of  gas.  The  certainty  of 
ignition  and  the  high  igniting  power  have  been  of  the  greatest 
advantage  in  the  apiilication  of  the  plan  to  poor  gases.  Particulars 
are  hereafter  given  of  some  of  the  trials  made  with  the  Simplex 
engine,  from  which  an  idea  can  be  formed  of  its  economical 
advantages. 

Gas  mixing. — The  air  and  gas  are  mixed,  not  inside  the  slide- 
valve,  as  in  the  Otto  and  other  motors,  but  in  an  external  mixing 
chamber  M,  Figs.  28  to  30,  Plates  110  and  111,  fixed  on  the  cover  of 
the  slide,  the  air  entering  at  one  side,  and  the  gas  through  a  valve  at 
the  other.  After  meeting  and  mixing,  they  are  violently  sucked  into 
the  cylinder  by  the  motion  of  the  piston,  through  a  passage  which 
is  at  first  circular,  then  conical,  and  then  rectangular ;  they  are 
thus  intimately  mingled  into  a  homogeneous  mixture.  There  is 
nothing  particularly  original  about  this  arrangement ;  but  it  is 
simple,  and  the  experience  of  more  than  four  years  has  showoi  that 
it  is  completely  successful  in  working. 

Governing. — The  two  methods  hitherto  adopted  for  regulating  the 
speed  in  gas  motors  are  :  (1)  full  admission  or  none — that  is  to  say, 
the  supply  of  gas  is  totally  cut  off  for  one  or  more  strokes  whenever 
any  increase  of  speed  occurs ;  (2)  proportional  admission — tliat 
is  to  say,  more  or  less  gas  is  admitted,  forming  a  more  or  less 
powerful  explosive  mixture,  accordingly  as  the  engine  runs  slower 
or  faster.  The  second  method  at  first  sight  appears  the  more 
rational,  but  it  entails  certain  inconveniences  which  have  led  to  its 
rejection.  The  stronger  or  weaker  mixture  resulting  from  a 
proportional  admission  of  gas  is  liable  to  become  non-explosive, 
either  because  it  is  too  rich,  or  because  it  is  too  poor.  In  either  case 
no  ignition  takes  place,  and  a  charge  of  gas  is  expended  to  no 
purpose;  and  under  certain  conditions  this  waste  may  amount  to 
a  considerable  proportion  of  the  total  consumption.  For  this 
reason  some  different  arrangement,  based  on  the  other  principle  of 
full  admission  or  none,  was  sought  for. 
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Air  Governor. — This  consists  of  an  air-pump  barrel  B  mounted 
on  the  slide-valve  S,  and  moving  to  and  fro  with  it,  Fig.  29, 
Plate  111 ;  in  the  barrel  is  a  piston  made  perfectly  air-tight  by 
j)acking  rings.  The  piston-rod  is  attached  to  the  cover  of  the 
slide-valve,  and  consequently  holds  the  piston  stationary  ;  it  is  fixed 
to  the  piston  between  two  india-rubber  washers,  which  allow  of  a 
slight  oblique  motion  when  the  cover  is  set  up  as  the  slide-valve 
wears.  In  the  outer  closed  end  of  the  air-pump  barrel  is  a 
micrometer  screw  A  with  a  conical  point,  by  which  the  hole 
communicating  with  the  outer  air  is  more  or  less  throttled.  Near 
this  end  of  the  air-pump,  on  its  side  and  at  right  angles  to  it,  is 
placed  another  smaller  cylinder  J  communicating  with  it  at  its 
inner  end.  In  this  smaller  cylinder  moves  freely  a  piston,  the  rod 
of  which  carries  at  its  end  a  steel  knife-edge  K.  Between  the  knife- 
edge  and  the  piston  is  a  spring,  tending  to  keep  the  piston  home ; 
the  piston  is  put  in  place  or  removed  by  means  of  a  bayonet-joint. 
The  knife-edge  K  controls  the  valve  G  for  admitting  the  gas,  when 
the  small  piston  is  home  at  the  inner  end  of  the  cylinder  J. 

The  action  of  the  governor  is  as  follows.  If  the  engine  is 
running  at  say  200  revolutions  per  minute,  the  slide-valve  will  be 
driven  at  a  speed  of  100  revolutions,  and  the  large  air-pump  B  will 
suck  and  force  100  cylinderfuls  of  air  through  the  small  hole  at 
its  extremity.  Supposing  that  the  micrometer  screw  A  is  adjusted 
so  as  to  allow  only  these  100  cylinderfuls  of  air  to  escape  through 
the  annular  space  partially  closed  by  its  conical  point,  then  so  long 
as  the  normal  speed  of  200  revolutions  is  not  exceeded,  the  smaller 
piston  will  remain  home  in  its  cylinder  J,  and  the  knife-edge  K 
will  at  each  stroke  encounter  the  gas  admission-valve  and  open  it 
to  form  the  explosive  mixture.  If  from  any  accidental  cause  the 
speed  of  the  engine  is  increased,  and  the  slide-valve  makes  say 
101  revolutions,  the  air-pump  B  will  suck  and  force  one  extra 
cylinderful  of  air ;  and  as  this  cannot  esca2)e  through  the  small 
hole,  it  will  push  outwards  the  smaller  piston  J  with  its  knife-edge  K, 
as  shown  dotted,  so  that  the  latter  will  miss  the  gas  valve  and  fail 
to  open  it.  No  explosive  mixture  being  formed,  there  will  be  a 
misfire,  and  the  speed  of  the  engine  will  be  reduced.     This  governor 
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is  very  sensitive,  ami  will  be  very  advantageous  for  any  future 
applications  of  tlie  gas  engine  to  boats  or  cars,  as  it  works  ef[ually 
well  in  any  position,  independent  of  level. 

Pendulum  Governor. — For  stationary  engines  another  form  of 
governor  is  recommended,  as  it  is  cheaper,  and  not  liable  to  wear. 
This  governor,  shown  in  Figs.  25  to  28,  Plate  110,  is  based  on  the 
principle  of  the  pendulum,  but  the  method  of  its  application  is  new, 
the  essential  novelty  being  that  the  pivot  of  the  pendulum  is 
absolutely  stationary,  and  that  the  pendulum  falls  by  its  own  weight 
alone,  so  that  the  time  of  its  fall  is  invariably  the  same.  It  is 
composed  of  two  weights  fixed  on  a  rod,  in  the  middle  of  which  is  a 
pivot  P.  This  pivot  turns  in  a  forked  bearing  fixed  on  the  cover 
of  the  slide-valve.  The  heavier  weight  H  is  naturally  placed  at 
the  bottom.  The  lighter  weight  L,  which  is  above  the  bearing,  is 
adjustable  by  means  of  two  nuts  threaded  on  the  upper  part  of  the 
rod ;  by  raising  or  lowering  this  upper  weight,  the  lower  weight  is 
balanced  to  a  greater  or  less  extent.  In  the  end  of  the  rod 
projecting  below  the  lower  weight  H  is  a  notch  N  facing  the  gas 
valve  G.  On  the  slide-valve  is  fixed  a  stem  carrying  a  double 
rocking-arm  R  with  two  knife-edges,  of  which  the  larger  and 
heavier  at  a  given  moment  encounters  and  opens  the  gas  valve, 
while  the  smaller  and  lighter  knife-edge  is  caught  in  the  notch  N 
below  the  lower  weight,  A  spring  on  the  rocker  aids  the  weight  of 
the  larger  and  heavier  knife-edge  in  tending  to  depress  it  below  the 
stem  of  the  gas  valve,  which  it  opens  only  when  the  arm  is  brought 
up  into  a  horizontal  position. 

The  action  of  this  arrangement  is  as  follows.  Supposing  the 
normal  speed  of  the  slide-valve  to  be  100  revolutions  per  minute, 
the  upper  weight  L,  Fig.  25,  must  be  so  adjusted  as  only  partially 
to  balance  the  lower  weight  H,  so  that  its  rate  of  fall  may 
correspond  with  that  speed.  In  the  back  stroke  of  the  slide. 
Fig.  25,  the  smaller  knife-edge  engages  with  the  notch  N  of  the 
pendulum.  Then  the  slide  makes  its  forward  stroke,  and  the  notch 
being  in  gear  brings  the  pendulum  to  bear  with  all  its  weight 
upon  the  smaller  knife-edge,  tilting  the  rocker  so  that  the  larger 
knife-edge    becomes  horizontal,    Fig.    26.      The  larger   knife-edge 
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encounters  tlie  gas  valve  and  opens  it,  and  the  exjDlosive  mixture  is 
formed.  Should  the  slide  travel  at  a  slightly  accelerated  speed,  it 
will  return  in  a  shorter  time  than  before ;  the  smaller  knife-edge 
will  miss  the  notch,  Fig.  27,  as  the  pendulum  will  fall  in  the 
same  time  as  before ;  and  its  weight  will  not  bear  on  the  rocker, 
which  will  remain  in  an  oblique  position  and  fail  to  open  the  gas 
valve  ;  no  explosive  mixture  will  be  formed,  and  the  engine  will 
slow  down  to  its  normal  speed.  It  is  evident  that  this  governor  is  a 
very  sensitive  one,  as  the  knife-edge  and  notch  will  catch  or  miss 
according  to  the  fall  of  the  pendulum,  which  must  occur  always  in 
exactly  the  same  time.  There  is  no  wear  of  parts,  and  the  speed  is 
regulated  by  simply  adjusting  the  uj)per  weight  L,  which  can  be 
done  while  the  engine  is  running. 

Various  modes  of  Starting. — For  engines  of  small  size,  not 
exceeding  10  HP.,  starting  is  a  very  easy  matter  ;  a  turn  of  the  fly- 
wheel suf&ces  to  draw  a  charge  of  the  explosive  mixture  into  the 
cylinder  and  to  compress  it ;  ignition  then  takes  place,  and  the 
engine  starts  at  once.  This  statement  refers  to  the  Simplex  engines, 
in  which  ignition  is  effected  as  easily  at  a  slow  as  at  a  high  speed  ; 
but  with  other  kinds  of  engines  starting  is  a  more  difficult  affair. 
Up  to  10  HP.  one  man  can  turn  the  fly-wheel  and  produce  the 
compression ;  beyond  that  power,  and  in  proportion  as  the  engines 
become  larger,  the  number  of  men  required  for  starting  becomes  a 
serious  consideration,  and  for  many  years  inventors  have  taxed 
their  brains  to  discover  some  practical  method  of  starting,  A 
few  of  the  more  important  of  these  methods  may  be  mentioned,  but 
no  good  purpose  would  be  served  by  describing  them  all. 

The  simplest  plan  for  starting  was  to  store  up  in  a  separate 
receiver,  during  the  time  that  the  engine  was  running,  a  sufficient 
charge  of  explosive  mixture,  which  when  ignited  at  the  proper 
moment  would  serve  to  start  the  engine.  This  plan  was 
unfortunately  open  to  two  fatal  objections:  the  tightness  of  the 
retaining  valves  could  not  be  ensured,  and  after  a  certain  time  the 
gas  lost  its  pressure.  There  was  also  the  risk  of  serious  accidents 
from  the  bursting  of  the  vessel  containing  the  compressed  explosive 
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mixture ;  and  the  danger  from  this  cause  led  to  the  discontinuance 
of  the  plan. 

Other  makers  employed  the  pressure  of  the  exhaust  gases.  This 
obviated  the  danger  of  bursting  the  vessels,  but  the  leakage  of  the 
valves  still  remained,  and  it  sometimes  happened  that  just  when 
it  was  wanted  there  was  no  pressure  left  in  the  cylinder,  and 
starting  was  impossible.  Compressed  air,  springs,  and  other  devices 
of  a  more  or  less  practical  nature  were  tried ;  and  even  a  small 
auxiliary  motor  was  at  length  adopted  as  the  only  reliable  plan. 
This  method  is  effective,  but  expensive,  and  for  engines  of  any 
considerable  size  it  costs  as  much  as  an  additional  engine,  besides 
the  peculiarity  of  employing  one  engine  to  start  another.  For 
engines  of  still  greater  power,  the  auxiliary  engine  itself  becomes 
so  large  as  to  need  another  smaller  one  to  start  it :  so  that  the  whole 
series  would  look  like  a  show-card  of  various  sizes  of  engines. 

It  is  only  recently,  and  after  prolonged  research,  that  a 
practical  mode  of  starting  has  been  worked  out;  and  it  is  the 
method  of  ignition  employed  which  has  rendered  its  adoption 
easy,  and  its  operation  certain.  The  plan  for  engines  up  to 
20  HP.  will  first  be  described,  and  afterwards  its  simplification  for 
engines  of  larger  power. 

For  an  engine  of  16  HP.,  for  example,  a  small  gas  pipe. 
Figs.  30  to  33,  Plate  111,  furnished  with  a  three-way  cock  T,  is 
fitted  on  the  igniting  apparatus ;  through  the  plug  of  the  cock  is 
a  passage  for  admitting  the  gas,  and  into  the  same  passage  is  pierced 
obliquely  a  small  hole  communicating  with  the  outer  air.  An 
india-rubber  tube  I,  Fig.  30,  connects  this  gas  pipe  with  the  gas 
supply  G  of  the  engine;  and  at  the  point  of  junction  is  placed 
a  small  graduated  cock,  which  may  be  called  the  gas  cock, 
for  regulating  the  proportion  of  the  explosive  mixture.  The  method 
of  starting  is  as  follows.  The  engine  must  previously  have  been 
stopped  at  the  ignition  point,  which  is  easily  done  by  means  of 
the  three-way  cock.  The  induction  coil  is  fitted  with  a  contact- 
breaker,  which  interrupts  the  flow  of  sparks  between  the  jjlatinum 
points  in  the  firing  chamber  C,  Fig.  29.  When  this  is  done,  the 
three-way  cock   is   first   opened,    and    then    the   gas   cock    to    the 
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marked  position.  The  fly-wheel  is  slowly  turned  to  draw  in  the 
explosive  mixture,  which  enters  the  cylinder  through  the  firing 
chamber ;  the  gas  comes  through  the  india-rubber  tube  I,  and  the 
air  through  the  small  oblique  hole  in  the  three-way  cock.  When 
the  piston  has  made  two-thirds  of  its  stroke,  the  three-way  cock  and 
gas  cock  are  closed.  Then  the  large  gas  cock  used  when  the  engine 
is  running  is  ojjened  to  the  position  convenient  for  starting.  The 
fly-wheel  is  turned  backwards  to  compress  the  charge  a  little, 
the  current  switched  on,  the  spark  produced,  the  charge  ignited, 
find  the  fly-wheel  receives  an  impulse  sufficient  to  start  the  engine. 
For  motors  up  to  20  HP.  the  slight  compression  of  the  charge  is 
necessary  because  the  dead  resistances  are  relatively  great.  But  with 
larger  engines  this  is  not  necessary,  and  the  operation  is  as  follows. 

On  the  cylinder  is  fixed,  above  the  compression  chamber,  a  small 
pet-cock,  forming  a  communication  between  the  interior  of  the 
cylinder  and  the  outer  air.  The  engine  must  previously  have  been 
stopped,  not  at  the  point  of  ignition,  but  somewhat  beyond,  with  the 
crank  at  an  angle  of  90^,  which  is  easily  done  as  before  by  means  of 
the  three-way  cock ;  the  piston  has  then  made  about  half  its  stroke. 
The  gas  cock  is  opened  to  the  marked  position  as  before,  as  is  also  the 
three-way  cock.  As  the  gas  is  under  slight  pressure,  it  enters  the 
cylinder  through  the  firing  chamber,  and  draws  in  air  with  it  through 
the  small  oblique  hole.  The  explosive  mixture  thus  formed  fills 
gradually  the  space  behind  the  i^iston,  expelling  the  burnt  gas  through 
the  cock  on  the  top  of  the  cylinder,  which  must  be  opened  previously 
to  that  for  the  admission  of  the  gas.  In  about  a  minute  the  cylinder 
of  a  50-HP.  engine  is  full  of  explosive  gas ;  and  the  cylinder  cock, 
the  gas  cock,  and  the  three-way  cock  are  then  closed.  As  before,  the 
large  gas  cock  is  opened  to  the  starting  position,  the  current  switched 
on,  the  charge  ignited,  and  a  sufficient  impulse  given  to  the  fly- 
wheel for  starting  the  engine.  By  this  method  the  large  engines 
which  have  now  been  at  work  more  than  a  year  are  started  with  the 
greatest  ease. 

Working  with  Petroleum  vapour. — In  France,  owing  to  the  heavy 
duty  on  petroleum  and  its  products,  its  application  to  gas  engines  is 
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and  must  be  limited ;  but  in  the  provinces  and  in  districts  where 
there  are  no  gasworks  it  may  be  an  advantage  to  get  a  motive  power 
that  can  be  relied  on  in  working  and  can  be  easily  managed.  An 
attempt  has  therefore  been  made  to  improve  on  previous  applications 
of  this  source  of  power ;  and  the  most  recent  combination  for  the 
purpose  is  considered  to  have  proved  successful. 

Previous  methods,  as  is  well  known,  consisted  in  passing  a 
current  of  air  over  volatile  liquids,  the  extent  of  surface  in  contact 
being  increased  in  a  variety  of  ways.  The  petroleum  was  passed 
over  porous  substances,  or  was  agitated  by  vanes  to  facilitate  its 
evaporation.  These  methods  involve  the  following  inconveniences. 
The  liquids  employed  are  of  very  low  density— from  0-650  to  0-700 
— and  are  composed  of  various  elements  of  different  densities ; 
consequently  the  air  passing  over  them  becomes  at  first  carburetted 
by  taking  up  the  more  volatile  constituents,  so  that  the  liquid 
gradually  increases  in  density,  and  its  constituents  become  more  and 
more  difficult  of  evaporation,  until  at  last  a  residuum  is  left  which 
cannot  be  used  and  has  to  be  thrown  away.  The  engine,  which 
worked  well  at  first,  slows  down  until  it  ceases  to  develop  any 
motive  power.  In  addition,  the  intense  cold  caused  by  the 
evaporation  renders  the  liquid  incapable  of  saturating  the  air.  This 
diflBculty  has  been  surmounted  by  applying  heat,  either  to  the  air 
before  its  introduction,  or  to  the  liquid  itself;  but  the  gradual 
impoverishment  of  the  liquid  still  remains  an  objection. 

Another  very  serious  defect  accompanied  all  the  methods 
employed.  During  the  distillation  of  the  petroleum  to  obtain  the 
light  products,  a  certain  proportion  of  organic  and  mineral  substances 
was  carried  over  by  the  vapours  given  off;  and  these  substances  were 
again  taken  up  in  an  impalpable  form  by  the  air  during  its  passage 
over  the  liquid,  and  when  subjected  to  the  high  temperatures 
jjroduced  in  the  slide-valve  and  cylinder  they  formed  a  thick  crust, 
which  after  a  few  days  not  only  necessitated  a  thorough  cleaning 
out,  but  also  affected  the  moment  of  ignition  by  clogging  the  edges 
of  the  ports.  The  result  was  equally  objectionable,  whether  a  slide- 
valve  was  u?ed,  or  whether  the  liquid  was  introduced  direct  into  the 
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cylinder   by  spray  injectors  or  pumps  :   a  rapid^  incrustation  took 
place  in  either  case. 

Carhurator. — To  obviate  tliese  defects  the  arrangement  of 
carburator  shown  in  Fig.  24,  Plate  109,  has  been  adopted.  A 
receiver  E  containing  products  of  low  density  is  placed  immediately 
above  a  spiral  brush  B  made  of  hair,  which  is  fixed  in  a  jacketed 
chamber  C  heated  by  hot  water  from  the  motor,  whereby  the 
refrigeration  due  to  evaporation  is  neutralised.  In  the  bottom  of  the 
receiver  is  a  cock  D  with  a  graduated  disc,  by  which  the  supply  of 
the  liquid  is  regulated  according  to  the  consumption  of  the  engine. 
Close  to  this  cock  is  another,  supplying  the  hot  water  that  comes  from 
the  cooling  jacket  of  the  engine ;  and  this  water,  at  a  temperature  of 
about  50°  centig.  (122°  Fahr.),  mixes  intimately  with  the  petroleum 
liquid,  which  it  carries  along  with  it  in  its  fall  on  to  the  brush  B ; 
and  by  the  time  that  it  reaches  the  lower  receiver  L  the  complete 
evaporation  of  the  light  products  has  been  effected.  A  safety-valve  S, 
through  which  the  gas  is  taken  off  to  the  motor,  prevents  the  ignition 
from  extending  backwards.  It  might  be  thought  that  the  water  would 
absorb  part  of  the  light  products,  and  so  cause  a  considerable  loss ; 
but  this  is  not  the  case,  and  experience  shows  that  the  whole  of 
the  petroleum  is  volatilized.  The  only  constituents  absorbed  by  the 
water  are  the  mineral  and  vegetable  substances  previously  mentioned  ; 
and  all  incrustation  from  this  cause  is  therefore  completely 
prevented.  After  several  months'  working,  the  engine  is  in  as  good 
condition  as  on  the  first  day.  Moreover  there  is  no  fear  of  gradual 
impoverishment  of  the  liquid,  as  the  whole  of  the  volatile 
constituents  are  evaporated  from  each  portion  as  it  flows  through  the 
chamber  C ;  so  that  the  working  of  the  engine  is  always  regular 
from  beginning  to  end,  and  the  power  given  off  is  always  the 
same. 

Engine  Trials. — The  Simplex  engine  has  been  tested  with  the 
following  gases : — coal  gas,  Dowson  gas,  gas  from  the  Lencauchez 
generators,  petroleum  vapour,  wood  gas ;  and  with  all  of  them  it 
works  equally  well.     In  spite  of  the  high  initial  pressure  to  which 
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tlic  explosive  mixture  is  subjected,  the  working  is  smootli  and 
noiseless.  This  result  is  attained  by  delaying  the  ignition,  so  that  it 
shall  occur  not  at  the  dead  point,  as  proposed  by  Beau  do  Eochas, 
but  somewhat  later,  when  the  piston  has  already  made  part  of  its 
forward  stroke.  At  first  sight  it  might  be  supposed  that  this  would 
entail  a  loss  of  power ;  but  experience  shows  that,  though  the  area  of 
the  indicator  diagram  is  diminished,  the  work  measured  by  the 
friction  brake  is  greater.  Starting  is  also  rendered  easier  by  this 
method  of  working. 

The  application  of  gas  engines  for  driving  dynamos  has  often 
led  to  fallacious  results,  and  thus  far  cannot  be  said  to  have  been  a 
success.  It  must  be  acknowledged  that  in  most  installations, 
especially  those  on  the  incandescent  plan,  the  light  has  not  been 
steady,  but  has  flickered  so  disagreeably  as  to  be  trying  to  the  eyes. 
On  this  account  the  use  of  gas  engines  for  lighting  purposes  has 
been  restricted,  although  naturally  there  should  be  a  large  field  for 
their  employment  in  that  direction.  It  has  been  sought  to  remedy 
this  defect  by  employing  a  two-cylinder  engine  and  a  countershaft, 
with  fly-wheels  on  both  countershaft  and  dynamo.  The  evil  is  thus 
diminished,  but  at  the  needless  expense  of  higher  first-cost,  larger 
space,  and  a  more  complicated  engine ;  for  a  better  result  may 
be  obtained  by  simpler  and  cheaper  means.  Several  months' 
experience  at  Mr.  T.  Powell's  works  in  Rouen  has  shown  conclusively 
that  a  gas  engine  with  a  single  cylinder,  driving  direct  a  dynamo 
placed  as  close  as  possible  to  the  fly-wheel,  gives  a  better  result 
than  the  complicated  arrangement  above  described. 

This  plan  can  easily  be  tried  practically.  All  that  is  required 
is,  first  to  drive  a  dynamo  in  close  proximity,  trusting  to  the  normal 
slip  of  the  belt  to  minimise  the  jerks,  and  then  to  drive  it  at  a 
considerable  distance.  A  marked  advantage,  which  seems  easy  of 
explanation,  will  be  found  to  result  from  the  first  plan.  "With 
short  belts  the  shock  of  the  explosion  is  not  communicated  to  the 
dynamo ;  but  on  the  other  hand  by  driving  at  a  long  distance  the 
shock  increases  the  whipping  of  the  belt,  and  transmits  an  amplified 
jerk  to  the  dynamo.  It  is  sometimes  thought  that  the  slij)  of  the 
belt  causes  a  loss  of  power ;  but  the  author  is  not  of  this  opinion, 
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as  he  has  found  by  trial  that  tlie  number  of  lamps  lighted  per 
horse-power  per  hour  is  as  great  when  driving  at  a  short  as  at  a 
long  distance.  But  even  admitting  that  there  may  be  a  slight  loss 
of  power,  it  is  certainly  less  than  that  resulting  from  the  use  of  a 
countershaft,  which,  as  demonstrated  by  recent  experiments  in  the 
United  States,  may  amount  in  some  cases  to  as  much  as  20  per  cent, 
of  the  power  developed  by  the  engine. 

Tests  of  Consumjjtion. — Trials  were  carried  out  on  the  7th  and 
8th  November  1885,  by  Dr.  Aime  Witz,  of  Lille.  Leading  dimensions 
of  the  engine  : — diameter  of  cylinder,  7|  inches  ;  stroke,  15^  inches ; 
speed,  160  revolutions  per  minute.  The  effective  work  given  off  by 
the  motor  was  measured  by  a  Prony  brake,  the  arrangement  being 
that  adopted  by  Messrs.  Steward  and  Brooks,  The  town  gas 
contained  about  5,400  calories  per  cubic  metre  (about  607  heat-units 
per  cubic  foot)  at  constant  volume ;  the  Dowson  gas,  comparatively 
rich  in  carbonic  oxide,  about  one-fourth  of  that  quantity.  Mean 
pressure  of  the  town  gas,  20  millimetres  (0 '  79  inch)  of  water ;  of 
the  Dowson  gas,  55  millimetres  (2  •  17  inch). 

7th  November  1885.  Duration  of  first  trial,  1  hour ;  effective  HP., 
6*70;  consumption  of  town  gas  per  effective  HP.  per  hour,  22-09 
cubic  feet ;  reduced  to  0°  centig.  and  760  mm.  barometer,  or  32^  Fahr. 
andSO  ins. barometer, consumption  21  •  55  cubic  feet;  water  per  effective 
HP.  per  hour,  4*80  gallons;  temperature,  entering  51°,  effluent 
135°  Fahr.  Duration  of  second  trial,  2  hours  ;  effective  HP.,  8*67  ; 
consumption,  20*66  and  20*12  cubic  feet;  water  per  effective  HP. 
per  hour,  4-44  gallons ;  temperatures,  51°  and  165°  Fahr.  Duration 
of  third  trial,  1  hour;  HP.,  9-28;  consumption,  21-23  and  20-73 
cubic  feet ;  water,  4-37  gallons  ;  temperatures,  50°  and  172°  Fahr. 

8th  November  1885.  Dowson  gas.  Duration  of  first  trial, 
2  hours;  HP.,  7-12;  consumption,  90-14  and  88-03  cubic  feet; 
water,  5*82  gallons  ;  temperatures,  48°  and  144°  Fahr.  Duration  of 
second  trial,  30  minutes;  HP.,  3-61;  consumption,  118-14  and 
114-85  cubic  feet.  Duration  of  third  trial,  30  minutes  ;  HP.,  5-26  ; 
consumption,  100-71  and  97-88  cubic  feet ;  consumption  of  Moehring 
oil,  5-64  oz.  per  hour. 
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Other  trials  of  the  Siuijjlex  motor  have  given  the  following 
results.  A  50-IIP.  engine,  working  with  a  load  of  35  to  40  elTectivc 
HP.,  consumes  daily,  with  a  Dowson  generator  rather  too  small, 
51  lbs.  of  English  anthracite  coal  per  hour,  ec[uivaleut  to  a 
consumption  of  from  1"475  to  1-296  lb.  per  effective  HP.  per  hour, 
inclusive  of  everything.  A  IG-HP.  engine,  supi)lied  with  coal  gas 
and  working  with  a  load  of  12  efiective  HP.,  uses  2,300  cubic  feet 
per  day  of  10  hours,  or  say  19*4  cubic  feet  per  effective  HP.  per 
hour.  These  two  engines  are  in  constant  work,  and  their 
consum2)tion  is  ascertained  from  the  daily  records  ke^it  for  several 
months,  and  not  from  experiments. 

From  the  low  consumption  obtained  by  the  use  of  poor  gases,  a 
considerable  development  of  the  manufacture  of  large  gas  engines 
may  safely  be  predicted  ;  for  their  consumption  is  more  economical 
than  that  of  the  best  steam  engines.  This  has  now  been  conclusively 
proved. 

In  the  foregoing  rapid  sketch,  engines  of  types  other  than  those 
of  Lenoir  and  Beau  de  Eochas  have  been  passed  over,  since  the 
principles  of  their  construction  were  not  those  from  which  the 
Simplex  engine  has  been  worked  out.  A  more  complete  description 
of  these  j^rinciples  would  have  required  a  whole  treatise,  and  would 
have  been  beyond  the  scope  of  the  present  paper.  Those  who  desire 
to  go  deeper  into  this  matter  may  be  referred  to  the  works  of  the 
distinguished  men  of  science  whose  researches  have  done  so  much  to 
promote  the  development  of  the  gas  engine.  The  author  must 
acknowledge  his  obligations  to  the  important  works  of  Mr.  Aime 
Witz,  by  whose  theories  he  has  been  constantly  guided  in  his 
investigations ;  and  also  to  the  writings  of  Messrs.  Dugald  Clerk, 
K.  Schottler,  and  Gustave  Eichard,  which  are  the  most  complete 
of  all  that  have  appeared  upon  this  subject. 

A  study  of  all  the  patents  which  have  been  taken  out  for  gas 
engines,  although  a  laborious  task,  will  doubtless  be  undertaken  at 
some  future  time,  and  will  prove  not  only  interesting  but  materially 
useful  to  those  who  have  set  themselves  to  accomplish  the  triumph  of 
the  gas  motor  over  its  rival  the  steam  engine. 
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Discussion. 

Mr.  J.  Macfaelane  Geay  had  visited  the  works  in  Eouen 
where  the  Simplex  gas  engine  was  to  be  seen,  and  had  been  much 
interested  in  its  working.  The  plan  of  putting  the  dynamo  near 
the  fly-wheel  of  the  engine,  so  as  to  take  advantage  of  the  slip  of 
the  belt  for  getting  over  irregularities  of  speed  (page  522),  seemed 
to  work  well,  for  he  had  not  been  able  to  detect  the  slightest 
fluctuation  in  the  burning  of  the  lights ;  but  he  should  think  there 
would  be  some  wear  and  tear  in  consequence  of  the  slipping  of 
the  belt.  The  engine  he  thought  was  well  designed  and  simple, 
esjjecially  the  pendulum  governor  (page  516),  which  worked 
beautifully.  It  was  not  absolutely  new,  he  understood,  but  he  had 
not  seen  it  before.  He  had  watched  its  working  for  some  time,  and 
thought  the  plan  of  controlling  the  engine  by  the  movement  of  the 
pendulum  was  a  beautiful  arrangement. 

The  President  said  the  paper,  after  elucidating  the  development 
of  gas  engines  from  early  times  to  the  present,  appeared  to  show  the 
necessity  of  two  things.  The  first  was  that  there  should  be  a 
compression  of  the  explosive  mixture  of  gas  and  air  before  the 
explosion  was  actually  accomplished  ;  this  seemed  to  be  established 
beyond  question  in  the  course  of  the  history  of  gas  motors.  And  it 
furthermore  appeared  that  there  should  be  four  distinct  operations 
in  the  cycle  of  work  : — the  drawing  in  of  the  gas,  the  compression  of 
the  gas,  the  explosion  at  or  near  the  dead  point,  and  the  subsequent 
expulsion  of  the  exploded  gas  after  it  had  done  its  work.  It  seemed 
to  him  that  although  Mr.  Otto  had  proceeded  on  a  fallacious 
supposition  in  reference  to  the  necessity  for  three  successive 
layers  in  the  composition  of  the  explosive  charge,  as  pointed 
out  in  the  paper  (page  506),  he  had  nevertheless  been  able  to  base 
upon  it  considerable  improvements  in  the  working  of  gas  engines. 
The  second  point  to  be  noticed  seemed  to  be  that  the  old  system 
of  igniting  by  the  presence  of  a  flame,  which  had  to  be  lighted  every 
time  the  explosion  came  round,  and  then  to  be  popped  into  the 
compressed  gas  so  as  to  ignite  it  afresh  every  time,  had  led  frequently 
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(The  President.) 

to  misfires,  and  Lad  now  been  successfully  replaced  by  the  electric 
spark ;  and  it  seemed  to  be  a  settled  point  that  it  was  by  the  aid  of 
the  electric  spark  that  the  exidosions  must  be  accomplished.  There 
thus  seemed  to  be  two  necessary  conditions  for  the  success  of  the  gas 
engine : — the  compression  of  the  explosive  materials,  and  their 
ignition  by  the  electric  spark. 

Mr.  M.  HoLROTD  Smith  thought  the  first  part  of  the  paper,  which 
gave  a  review  of  the  past  history  of  gas  engines  and  led  up  to  the 
Simplex  engine,  was  valuable  in  one  respect,  because  it  showed  that 
the  original  conception  of  the  cycle  of  movements  was  due  to  Mr. 
Beau  de  Eochas  (page  505).  But  he  considered  the  paper  fell  short 
in  the  comparisons  it  drew,  where  dealing,  apart  from  the  Otto 
engine,  with  modern  gas  engines  in  England,  such  as  might  fairly 
compete  with  the  Simplex.  In  this  engine  two  things  were  claimed 
as  novelties.  One  was  the  means  of  obtaining  a  uniform  speed 
of  the  dynamo,  by  taking  advantage  of  the  slip  of  a  short  belt ; 
that,  according  to  his  own  experience,  was  an  old  method.  The 
other  was  the  employment  of  the  electric  spark  for  the  ignition  of 
gas.  Was  it  or  was  it  not  wise  to  use  an  extraneous  means  for 
efiecting  the  ignition,  when  there  was  the  possibility  of  igniting 
without  extraneous  means  ?  While  far  from  wishing  to  say  anything 
against  the  employment  of  electricity  in  any  direction  in  which  it 
could  possibly  be  used,  he  considered  it  was  necessary  to  look  at  the 
question  from  the  point  of  view  of  what  was  best  for  the  user.  No 
details  had  been  given  as  to  the  source  of  electricity  in  the  gas 
engine  ;  was  it  derived  from  a  battery  or  from  a  dynamo  ?  Eighteen 
months  ago  he  had  seen  an  engine  worked  by  gas,  where  the 
ignition  was  by  electricity  produced  from  a  little  dynamo,  which 
was  placed  at  the  side  on  the  frame-work  of  the  engine,  and  received 
its  motion  from  the  fly-wheel.  There  w'as  an  ingenious  contrivances 
for  disconnecting  the  dynamo  from  the  fly-wheel,  and  coupling  it  to  a] 
large  pulley  for  working  it  by  hand  just  when  the  fly-wheel  was] 
being  turned  round  for  getting  a  start :  so  that  a  high  initial  speedl 
was  obtained'for  the  dynamo,  in  order  to  produce  the  necessary  flash. 
As  soon  as  the  engine  had  got  fairly  started,  the  dynamo  was  put 
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into  another  relation  of  speed  for  producing  tlie  sj)arks.  Thus  the 
dynamo  was  enabled  at  first  to  generate  during  the  slow  movement  of 
the  fly-wheel  a  sufficiently  strong  spark  for  ignition  ;  and  afterwards, 
when  the  engine  was  up  to  its  full  speed,  it  was  prevented  from 
over-running  the  dynamo.  It  was  an  ingenious  idea,  and  he  believed 
the  engine  went  under  the  name  of  the  Baldwin,  and  was  made  by  the 
firm  of  Otis  Brothers  who  had  made  one  of  the  three  lifts  in  the 
Eifiel  tower. 

The  President  said  that  engine  was  to  be  seen  in  the  Exhibition 
at  the  present  time. 

Mr.  Smith  said  the  reason  of  his  asking  about  the  source 
of  electricity  in  the  Simplex  engine  was  that,  if  it  depended 
upon  a  battery,  it  was  not  reliable.  In  that  case,  instead  of  a 
simplex  engine,  was  it  not  really  a  complex  engine  that  was  now 
being  introduced  ?  because  there  were  here  two  elements  at  work — 
electricity  and  gas — for  jiroducing  power,  instead  of  relying  on  the 
gas  alone.  The  introduction  of  electricity  was  upon  the  supposition 
that  the  flame  was  not  to  be  relied  upon.  Exception  to  that  statement 
he  thought  would  be  taken,  not  only  by  Messrs.  Crossley  but  also 
by  other  makers  of  gas  engines. 

Another  point  that  seemed  to  him  objectionable  in  the  new 
engine  was  the  slide.  The  majority  of  gas  engines  depended  upon 
the  slide  moving  to  and  fro ;  and  it  had  always  to  move,  whether 
work  was  being  done  or  not.  In  the  "  Forward  "  gas  engine,  made 
by  Messrs.  Barker  of  Birmingham,  which  had  come  under  his  notice 
a  short  time  ago,  the  slide  was  entirely  dispensed  with ;  and  the 
engine  was  governed,  not  by  either  alone  of  the  two  means 
mentioned  in  the  paper — namely  the  strength  of  the  mixture,  and 
the  number  of  impulses — but  by  both  of  these  combined.  The 
adoption  of  this  plan  had  the  advantage  that  it  could  give  either  a 
frequent  strong  charge  and  an  occasional  light  charge,  or  an 
occasional  strong  charge  and  a  frequent  light  charge,  as  occasion, 
demanded  ;  and  the  result  was  satisfactory.  In  the  drawings  of  the 
Simplex   engine   he   did   not   see    anything  to   show  precisely  the 
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exhaust  arrangement ;  he  supposed  the  engine  did  not  exhaust  through 
the  same  valve  through  which  it  received  the  feed.  In  the  Forward 
engine  the  feed  valve  was  at  the  side  of  the  cylinder,  and  there  was 
a  separate  and  distinct  ignition  chamber  at  the  back  end  of  the 
cylinder.  The  exhaust  and  feed  were  worked  by  a  cam  arrangement 
something  like  a  trip  action,  instead  of  by  the  ordinary  slide 
action.  The  ignition  valve  at  the  tack  end  of  the  cylinder  was  a 
circular  disc,  having  eight  radial  slots  through  it ;  and  round  its 
circumference  were  eight  ratchct-teeth,  for  rotating  it  in  one 
direction  only.  A  paul  controlled  by  the  governor  caught  the  teeth 
on  the  disc,  and  moved  it  round  through  one  tooth  every  time  the 
ignition  was  required.  The  cam  action  was  also  controlled  by  the 
governor,  so  that  the  governor  was  at  the  same  time  controlling 
both  the  feed  valve  and  the  ignition  valve ;  and  the  latter  moved 
only  when  ignition  was  required.  Wear  and  tear  therefore  were 
saved,  inasmuch  as  the  lower  half  of  the  rotating  disc  was  exposed 
to  the  open  air,  and  thus  the  disc  never  got  hot ;  and  it  was  only  a 
small  amount  of  movement  that  occurred  when  ignition  was 
required,  namely  one-eighth  of  a  revolution.  The  beauty  of  the 
engine  lay  in  the  fact  that  the  governor  controlled  both  the  degree 
of  mixture  and  also  the  number  of  impulses  ;  and  unless  both  the 
mixture  and  the  impulse  were  required,  there  was  no  movement 
either  of  the  valve  that  governed  the  admission  of  the  gas,  or  of  the 
valve  that  caused  the  ignition  of  the  mixture.  As  an  example  how 
useful  that  process  of  regulation  was  to  electrical  engineers,  he 
mentioned  a  test  he  had  made  to  prove  the  steadiness  of  running. 
A  simple  4  HP.  engine,  loaded  up  to  about  6  HP.  with  a  Prony 
brake,  had  been  driven  at  full  speed.  Instead  of  taking  one  minute 
as  the  unit  of  time  for  counting  the  revolutions,  he  had  taken  only 
ten  seconds,  during  which  the  revolutions  of  the  engine  were 
carefully  counted.  With  the  stroke  of  a  hammer  the  whole  load 
was  then  suddenly  thrown  off;  and  in  the  next  ten  seconds  the 
revolutions  were  again  carefully  counted.  With  that  sudden  testi 
upon  the  engine,  the  variation  in  speed  was  only  0*02  revolution] 
during  the  period  of  ten  seconds.  While  therefore  he  was  pleased 
to  see  the   excellent   gas  engines   produced  in  France,  he  wished 
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to  sliow  that  Eaglisli  eDo;iueer3  also  were  not  content  with  what 
had  been  done  in  the  past,  but  were  still  going  forward,  and  he 
believed  were  showing  etinally  good  results. 

Mr.  William  Walkek  was  of  opinion  that  the  introduction  of 
the  electric  spark  for  ignition  was  a  step  in  the  right  direction  ;  and 
he  thought  it  would  come  into  common  use,  although  it  had  not  yet 
been  much  used  in  England. 

Professor  Alexander  B.  W.  Kennedy,  Member  of  Council,  said 
there  were  in  England,  besides  the  Forward  engine  mentioned  by 
Mr,  Holrojd  Smith,  at  least  half  a  dozen  gas  engines,  such  as  the 
Otto,  Beck,  Atkinson,  Griffin,  and  others,  which  might  fairly  be  put  in 
the  front  rank,  and  might  have  been  compared,  as  well  as  those 
mentioned  in  the  paper,  with  the  pretty  little  Simplex  engines 
working  in  the  Exhibition.  Naturally  enough  every  inventor 
thought  his  own  production  better  than  others ;  and  an  allowance 
might  therefore  be  made  for  conclusions  arrived  at  in  a  historical 
investigation  of  the  kind  given  in  the  paper  just  read. 

The  igniting  tube  appeared  in  page  510  to  be  thrown  aside  as 
unsatisfactory,  notwithstanding  that  some  of  the  principal  gas-engine 
makers  were  continuing  to  use  it,  and  were  satisfied  with  its  success. 
They  had  recognised  that  it  might  even  have  to  be  changed  after 
24  hours'  working,  he  believed  ;  but  it  could  hardly  be  thrown 
overboard  on  that  account.  It  was  used  in  the  Atkinson  or  Cycle 
engine,  and  in  the  Otto  engine  which  had  recently  been  brought 
before  the  Society  of  Arts  for  trial ;  *  and  it  was  therefore  obviously 
a  thing  to  be  seriously  considered. 

With  reference  to  governing  (page  514),  the  compound  plan 
described  by  Mr.  Holroyd  Smith  (page  527)  as  employed  in  the 
Forward  engine  appeared  certainly  a  rational  and  proper  method. 
Within  certain  limits  of  strength  of  charge  the  governing  took  place 
by  diluting  or  intensifying  it ;  but  beyond  a  certain  degree  of  strength 
in  either  direction  it  would  fail  to  be  exploded.     If  the  whole  work 

*  Society  of  Arts  Journal,  15  February  1S89,  pages  216-218. 
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was  thrown  ofif  the  engine,  for  instance,  the  charge  would  have  to 
be  so  much  diluted,  in  order  only  just  to  keep  it  going,  that  it 
would  fail  to  explode.  Beyond  certain  limits  therefore  the  engine 
was  governed  by  the  hit-and-miss  method ;  but  within  ordinary 
limits  of  working,  say  up  to  a  variation  of  20  or  30  per  cent,  in 
the  resistance,  the  governor  acted  by  diluting  the  charge.  That 
was  certainly  the  case  in  the  Beck  engine,  if  not  in  tlie  others, 
and  it  seemed  to  be  a  rational  and  successful  way  of  governing. 
The  fall  of  the  pendulum  in  the  governor  of  the  Simplex  engine 
(page  516)  was  a  very  pretty  action,  governing  the  engine  by  just 
catching  or  failing  to  catch  the  rocker  actuating  the  gas  valve. 
It  would  be  noticed  that  whenever  the  pendulum  did  catch  the 
rocker,  the  centre  of  suspension  of  the  pendulum  was  thrown  up 
a  little  in  its  bearings;  and  provision  was  made  for  this  slight 
lift  by  letting  the  centre  of  suspension  work  in  a  notch  in  which 
it  could  rise,  instead  of  in  an  eye.  The  Members  he  hoped  would 
make  a  point  of  seeing  the  working  of  the  governor  on  the  engine 
shown  in  the  Exhibition,  for  it  was  a  very  ingenious  device.  The 
starting  arrangement  described  in  page  518  looked  most  promising  ; 
the  importance  of  a  good  means  of  starting  was  well  known,  and 
if  this  one  were  as  successful  as  it  seemed  to  be,  it  would  form  one 
of  the  most  important  steps  yet  made  in  improving  the  gas  engine. 

In  connection  with  the  brake  horse-power  in  the  engine  trials 
referred  to  in  page  522,  having  made  experiments  himself  he  should 
have  liked  to  see  indicator  diagrams.  The  statement  made  in  page 
522  he  understood  to  amount  to  this  :  that  by  delaying  the  ignition, 
and  thus  getting  what  would  ordinarily  be  regarded  as  a  worse 
indicator  diagram,  it  was  found  possible  to  save  so  much  friction, 
by  not  having  the  full  pressure  on  right  at  the  commencement  of 
the  stroke,  that  a  better  result  in  brake  horse-power  could  actually 
be  obtained.  That  was  an  interesting  statement,  respecting  which 
he  should  much  like  to  have  more  particulars.  (See  Plate  112 
since  added.) 

In  reference  to  the  Lenoir  engine,  mentioned  in  page  503,  some 
of  the  earliest  experiments  with  gas  engines,  if  he  remembered 
rightly,  had  been  made  by  M.  Tresca  with  the  Lenoir  engine  in  the 


July  1889.  GAS  ENGINES.  531 

adjoining  hall  many  years  ago  ;  so  that  the  Conservatoire  des  Arts 
et  Metiers  was  historically  connected  with  the  development  of  the 
gas  engine. 

Mr.  W.  H.  Maw  had  had  the  opportunity  during  the  previous 
week  of  seeing  the  gas  engines  exhibited  by  Messrs.  Crossley  at  the 
Windsor  show  of  the  Eoyal  Agricultural  Society,  and  they  were 
without  exception  fitted  with  the  incandescent  tube  for  ignition. 
He  understood  from  the  makers  that  they  were  abandoning  the 
plan  described  in  the  paper  of  ignition  by  means  of  an  open  flame 
carried  in  through  the  slide-valve,  and  were  now  altering  their 
patterns  :  so  that  it  was  only  a  question  of  time  how  soon  all  their 
engines  would  be  fitted  with  the  incandescent  tube. 

Mr.  GisBERT  Kapp  said  that,  when  a  dynamo  was  spoken  of  as  a 
means  of  producing  electricity  for  ignition,  what  was  generally 
understood  to  be  meant  was  a  rotary  dynamo  which  must  run  at  a 
high  speed.  If  it  was  driven  from  the  engine  in  the  usual  way,  so 
that  when  the  engine  was  running  at  its  regular  speed  the  dynamo 
might  go  at  the  requisite  speed  for  producing  the  igniting  sparks, 
it  was  clear  that  it  could  not  be  driven  at  that  speed  when  the 
engine  was  first  started  by  hand.  But  he  had  seen  at  the  Exhibition 
in  connection  with  a  petroleum  engine  an  ingenious  arrangement,  to 
which  he  wished  to  draw  attention,  consisting  of  a  kind  of  dynamo 
that  did  not  rotate,  but  only  oscillated.  An  armature  between 
permanent  magnets  was  connected  with  a  spring,  and  by  the 
motion  of  the  fly-wheel  it  was  drawn  over  by  a  lever  through  an 
angle  of  perhaps  90^,  and  then  released  by  a  trigger.  On  its 
release  the  armature  flew  back  with  a  motion  which  was  so  quick 
that,  though  the  fly-wheel  might  be  turned  but  slowly,  it  was  quite 
sufficient  to  give  the  spark  for  ignition. 

Mr.  Henry  Shield  considered  a  dynamo  was  not  in  the  least 
degree  necessary  for  a  gas  engine.  The  engines  that  he  had  had  to 
do  with,  having  an  igniting  tube,  had  some  of  them  worked  a 
fortnight   without  changing    the    tube ;    and   when    the    tube   was 
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properly  fitted  into  the  engine,  any  attendant  of  the  slightest 
intelligence  conld  see  at  once  whether  it  was  beginning  to  fail  at 
the  particular  i)lace  at  which  it  was  most  likely  to  go.  Practically 
there  had  not  been  the  slightest  difficulty  with  the  igniting  tube. 

The  President  asked  how  the  engine  was  started  with  the 
igniting  tube. 

Mr.  Shield  replied  that  the  tube  was  always  lighted  beforehand 
for  starting  the  engine. 

Mr.  W.  "WoRBY  Beaumont  said  that  Fig.  6,  Plate  103,  showed 
how  the  tube  could  be  heated  for  ignition  before  starting. 
Concerning  the''  methods  of  ignition  he  should  like  to  mention  one 
or  two  things.  Many  years  ago  he  remembered  a  number  of 
Lenoir  gas  engines  being  made  at  the  Reading  Iron  Works,  some 
of  which  worked  well  for  a  little  time,  but  most  of  them  worked 
badly  afterwards  and  were  converted  into  steam  engines ;  and  the 
manufacture  of  the  gas  engines  was  ultimately  given  up  at  those 
works.  At  that  time  a  battery  -was  used  in  the  works  for 
experimental  tests  of  the  engines ;  but  similar  batteries  and 
induction  coils,  when  sent  away  to  the  establishments  of  those 
who  bought  the  gas  engines,  soon  became  practically  troublesome ; 
and  he  believed  it  was  the  case  even  now  that,  when  electrodes  were 
used  as  a  means  of  igniting  gas  or  petroleum  vapour,  difficulty  was 
experienced  from  corrosion  and  incrustation  ;  he  should  therefore 
like  to  know  why  in  the  Simplex  engine  the  author  had  found  it 
desirable  to  return  to  the  Lenoir  idea,  and  explode  by  a  spark. 
He  seemed  indeed  to  have  got  an  ingenious  arrangement  for 
effecting  that  object ;  but  remembering  the  experience  in  England, 
and  remembering  what  the  gas-engine  makers  with  large  experience 
were  now  doing,  the  question  was  whether  any  result  was  arrived 
at  superior  to  that  arrived  at  by  English  makers,  and  was  it  arrived 
at  in  a  cheaper  or  better  way  in  any  respect.  It  was  said  that 
igniting  tubes  were  now  being  generally  used ;  even  the  most 
cautious   makers,   who   had    long   been    using   the   slide-valve    and 
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admitting  a  little  flame  through  it,  were  now  attaching  the  tubes, 
which  he  believed  had  first  been  practically  used  in  Atkinson's 
differential  engine.  The  engines  running  with  the  incandescent 
tubes  he  believed  had  never  failed.  In  many  cases  the  tubes  had 
lasted  for  several  weeks,  generally  for  a  fortnight.  Their  cost  was 
only  a  few  pence,  and  they  were  renewed  by  simply  xmscrewing 
them  at  the  back  end  of  the  cylinder.  Another  advantage''  of 
the  igniting  tube  was  that,  by  placing  it  in  a  chimney  which 
surrounded  the  heating  flame  and  the  tube,  and  by  attaching  the 
chimney  so  that  it  could  be  placed  higher  or  lower,  so  as  to  cover 
less  or  more  of  the  length  of  the  ignition  tube,  the  position  of 
the  hottest  part  of  the  tube  was  altered,  whereby  the  period  of 
ignition  might  be  altered,  and  with  certainty.  This  he  thought 
would  explain  the  simplicity  and  value  of  the  ignition  tube,  and 
the  reason  for  its  general  adoption  since  its  introduction  by 
Mr.  Atkinson. 

The  President  asked  in  what  way  it  was  supposed  the  period  of 
explosion  was  varied.  Was  it  meant  that  according  to  the  intensity 
of  the  heat  imparted  to  the  ignition  tube  the  moment  of  explosion 
could  be  delayed,  because  of  the  mixture  having  to  lie  longer  in 
contact  with  the  cooler  surface  before  it  exploded  ? 

Mr.  Beaumont  replied  that  the  explosive  mixture  in  the  gas- 
engine  cylinder  was  forced  into  the  little  closed  ignition  tube,  which 
was  heated  to  incandescence.  The  ignition  of  the  gas  did  not  take 
place  until  the  compression  had  produced  a  certain  degree  of  pressure 
in  the  cylinder.  The  length  of  the  tube  had  to  be  determined  for 
the  particular  size  of  the  cylinder.  The  tube  usually  stood  out 
something  like  7  inches  from  the  inside  of  the  cylinder,  and  the 
position  of  the  incandescent  part  would  affect  the  period  at  which  the 
ignition  would  take  place.  If  the  incandescent  part  was  brought  an 
inch  further  away  from  the  cylinder,  then  the  ignition  would  take 
place  a  little  later.  The  amount  of  variation  in  the  moment  of 
ignition  was  required  to  be  only  very  small  indeed ;  so  that  all  the 
variation  that  was  necessary  was  obtained  by  this  simple  means. 
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Mr.  jEnEMiAH  Head,  Past-President,  desired  further  information 
about  the  dual  mode  of  governing  a  gas  engine,  described  by 
Mr.  Holroyd  Smith  (page  527),  by  affecting  botli  the  number  of 
impulses  per  minute  and  also  the  explosive  mixture.  He  wanted 
to  know  whether  the  relative  proportion  of  air  and  gas  in  the 
explosive  mixture  was  altered,  or  merely  the  total  quantity  of  the 
two  with  one  constant  proportion.  If  the  proportion  of  gas  to 
air  was  altered,  ho  should  like  to  know  whether  or  not  any 
inconvenience  resulted  therefrom  ;  because,  as  was  well  known,  a 
given  weight  of  gas  of  a  certain  standard  quality  required  a  certain 
definite  weight  of  oxygen  for  its  complete  combustion.  If  there  was 
too  much  air,  it  appeared  to  him  that  there  would  be  a  risk  of  failure 
to  explode  ;  while  if  there  was  too  little,  what  was  exhausted  from 
the  cylinder  after  the  explosion  would  not  be  simply  carbonic 
acid  and  water,  but  would  also  contain  carbonic  oxide,  and  the 
process  would  then  be  attended  with  waste. 

Mr.  HoLROTD  Smith  thought  that  question  had  really  been 
answered  already  by  Professor  Kennedy's  remark  (page  529)  that  the 
governing  occurred  within  certain  limits  of  strength  of  charge. 
The  control  of  the  governor  that  regulated  the  proportion  of  gas  to 
air  in  the  mixture  extended  within  a  certain  degree  only  ;  it  did  not 
go  beyond  the  limit  of  explosiveness  of  the  mixture.  Explosion 
might  be  prevented  by  diluting  the  mixture  until  it  became  too  thin 
to  explode,  so  that  the  engine  would  then  lose  an  impulse.  But 
when  using  the  double  mode  of  controlling,  care  should  be  taken  that 
the  mixture  was  always  such  as  would  explode.  If  the  control 
were  carried  beyond  that  limit,  the  engine  would  lose  its  impulse 
altogether,  just  as  though  the  gas  were  shut  off. 

Mr.  HJEAB  asked  whether  the  relative  proportion  of  air  and  gas 
was  altered,  and  whether  that  alteration  was  attended  with  any 
inconvenience  such  as  he  had  suggested.  It  was  conceivable  that 
the  mixture  might  to  a  certain  extent  be  explosive,  and  yet  not 
completely  explosive  ;  and  in  the  latter  case,  if  there  was  too  much 
gas  in  proportion  to  air,  carbonic  acid  would  not  be  formed,  but  only 
carbonic  oxide,  which  meant  waste. 
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Mr.  Smith  replied  that  the  relative  proportion  of  air  and  gas 
could  be  altered  within  a  given  range,  so  that  the  mixture  should 
still  be  explosive.  Within  the  explosive  range  the  engine  could  be 
controlled  by  altering  the  mixture ;  but  to  go  beyond  that  range 
Tvas  equivalent  to  shutting  off  the  gas  altogether. 

The  President  enquired  whether  the  speed  was  controlled  by 
regulating  the  admission  of  the  gas  only  or  of  the  air  only,  or  of 
both  together.  For  the  purpose  of  reducing  the  speed,  was  the  gas 
killed  with  more  air?  And  was  the  mixture  perfectly  explosive 
throughout  the  whole  range  of  its  alteration  ? 

Mr.  Smith  replied  that  some  engines  were  controlled  only  by  the 
number  of  impulses  per  minute,  the  impulses  themselves  being 
aln-ays  of  the  same  strength.  But  under  the  dual  control  the  speed 
could  be  regulated  either  by  the  number  of  impulses,  that  is  by 
absolutely  shutting  off  the  gas ;  or  by  the  strength  of  the  mixture, 
that  is  by  the  force  of  the  impulses.  There  was  a  certain  range  of 
strength,  within  which  the  explosive  mixture  was  perfectly  explosive  ; 
and  in  using  the  two  methods  of  control  the  engine  must  be  so 
adjusted  that  that  range  should  not  be  exceeded. 

Professor  Kennedy  said  that  within  a  wide  range  perfect 
combustion  could  be  obtained  with  little  or  much  gas  to  mix  with 
the  air,  so  as  still  always  to  get  carbonic  acid  and  not  carbonic  oxide 
when  diminishing  the  proportion  of  gas  within  that  range. 

The  President  gathered  that  the  control  was  effected  by  a 
reduction  of  gas  for  reducing  the  force  of  the  impulse,  and  that  the 
dilution  of  the  explosive  mixture  must  be  effected  always  by  an 
excess  of  air,  in  which  case  there  would  not  be  any  waste  of  gas. 

Professor  H.  S.  Hele  Shaw  said  that  in  University  College, 
Liverpool,  he  had  one  of  Mr.  Shield's  gas  engines  for  driving  certain 
machinery  in  the  carpenters'  workshop.  It  worked  with  the  ignition 
tubes,  which  consisted  of  pieces  of  iron  steam-pipe  about  ^  inch 
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internal  diameter,  and  about  14  inches  long,  welded  over  at  the 
outer  end.  Ordinarily  they  lasted  each  for  about  a  fortniglit,  and 
were  replaced  by  a  boy  who  did  all  the  work  of  cleaning  the  engine. 
They  used  to  cost  twojicnce  each,  which  meant  a  penny  a  week  ; 
the  cost  ho  believed  was  now  somewhat  reduced,  and  was  at  any 
rate  insignificant.  When  the  engine  was  kept  ruuniug  continuously 
all  day,  the  tubes  were  replaced  more  frequently,  and  one  week 
was  then  the  practical  limit  of  their  duration.  Although  there 
was  some  clogging  of  the  valve  as  the  result  of  the  explosions,  yet 
that  was  a  matter  which  req[uired  attention  only  once  a  week  in 
properly  cleaning  the  machine.  The  boy,  whose  wages  were  4s.  or 
5s.  a  week,  attended  completely  to  the  cleaning  of  the  engine  once 
a  week ;  and  there  was  never  any  trouble  with  that  mode  of 
ignition. 

Mr.  Arthue  Paget,  Vice-President,  noticed  that  the  incandescent 
tubes  were  said  in  the  paper  (page  511)  to  be  destroyed  in  the  course 
of  a  few  hours,  and  24  hours  had  been  mentioned  by  Professor 
Kennedy  (page  529)  as  their  duration.  He  should  therefore  be  glad 
to  know  what  engine  it  was  in  which  Mr.  Shield  had  found  them  to 
last  a  fortnight  (page  531),  and  what  sort  of  tubes  were  used  in  that 
case. 

Mr.  Shield  replied  that  the  engine  of  which  he  had  spoken  was 
the  Fawcett  engine  made  by  his  firm.  The  igniting  tubes  were  of 
wrought-iron,  as  described  by  Professor  Shaw,  and  the  time  they 
lasted  was  one  or  two  weeks  ;  and,  as  explained  by  Professor  Shaw, 
a  boy  receiving  4s.  per  week  did  all  that  was  wanted.  A  friend 
of  his,  who  had  his  house  lighted  by  electricity,  was  using  one  of 
these  engines  for  the  purpose,  which  was  looked  after  by  his 
gardener ;  and  he  said  that  the  duration  of  the  tubes  did  not 
exceed  a  fortnight.  This  was  really  not  anything  very  new  as 
regarded  the  use  of  the  tubes,  and  there  was  practically  no 
difficulty  with  them.  There  had  been  some  difficulty  at  first, 
because  the  tubes  had  not  been  placed  at  the  proper  angle ;  but  as 
soon  as  they  were  adjusted  at  the  proper  angle,  so  that  the  ignition 
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at  the  hottest  part  of  the  tube  was  at  the  right  spot,  there  had 
been  no  difficulty.  The  introduction  of  a  dynamo  or  a  battery, 
or  any  other  means  of  getting  an  electric  spark  to  explode  the  gas, 
he  regarded  as  an  unnecessary  complication. 

The  President  enquired  what  was  the  thickness  of  the  tubes  of 
J  inch  diameter. 

Professor  Shaw  replied  that  the  tubes  were  made  of  ordinary 
steam-pipe,  the  internal  diameter  being  not  quite  ^  inch,  and  the 
thickness  about  3-32nds  of  an  inch. 

M.  Delamare  said  it  was  only  after  a  number  of  trials  that  he 
had  been  led  to  adopt  electricity  for  igniting  the  explosive  mixture 
in  the  Simplex  engine.  Though  not  prepared  to  say  that  this  was 
the  best  plan  possible,  he  nevertheless  regarded  it  as  the  simplest, 
and  found  that  it  allowed  of  readily  starting  the  largest  engines,  and 
of  using  poor  gas  which  was  difficult  to  ignite  by  other  means.  In 
regard  to  economy  also,  having  tried  the  Simplex  engine  with  various 
other  modes  of  ignition,  he  had  found  that  the  electric  spark,  applied 
by  means  of  the  movement  of  the  slide-valve,  was  that  which  gave 
the  best  results. 

The  President  asked  whether  it  was  a  slide-valve  or  a  mushroom 
valve  that  was  used  with  the  electrical  ignition. 

M.  Delamare  replied  that  it  was  a  slide-valve,  and  it  took  the 
place  of  an  interrupter  such  as  was  used  in  Lenoir's  engine  of  1860. 
The  electric  spark  was  produced  in  the  cover  of  the  slide-valve,  and 
then  the  motion  of  the  slide  determined  the  moment  of  igniting  the 
gas.  A  mushroom  valve  had  the  disadvantage  of  not  always  fitting 
equally  close  on  its  seat ;  and  it  occasionally  happened  that  the 
flame  leaked  through  it,  and  exploded  the  mixture  too  soon,  before 
the  crank  had  passed  the  centre.  For  this  reason  he  had  abandoned 
the  mushroom  valve  in  favour  of  the  slide-valve  for  determining  the 
instant  of  ignition. 

2  IT  2 
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Incandescent  tubes,  of  wLich  various  speakers  had  given  a 
favourable  report,  bad  been  tried  by  himself  sou)e  j'ears  ago,  but 
unsuccessfully.  No  doubt  others  had  ap2)licd  them  better,  and  by 
some  improvement  in  detail  had  rendered  them  practically  successful. 
At  any  rate  he  did  not  wish  to  attach  too  much  importance  to  the  trials 
he  had  made,  because  the  main  objection  to  the  incandescent  tubes 
was  the  difficulty  there  would  have  been  in  starting  large  engines 
with  them  ;  and  the  tubes  could  not  be  employed  in  such  cases  unless 
the  starting  were  facilitated  by  some  special  arrangement.  In  this 
respect  the  Simplex  engine  which  had  been  running  at  Messrs. 
Powell's  works  gave  excellent  results,  being  started  with  great  ease. 
All  that  was  necessary  was  to  open  the  gas  cock  to  the  required 
extent,  and  then  pass  an  electric  spark  for  igniting  the  mixture. 
The  explosion  so  produced  gave  the  fly-wheel  a  sufficient  impulse  for 
starting  the  regular  working  of  the  engine.  The  battery  used  for 
producing  the  sparks  was  an  ordinary  cell  containing  bichromate  of 
potash  ;  the  only  difference  was  in  the  strength  of  the  liquid  used  ; 
and,  as  the  result  of  a  great  number  of  experiments,  such  a  strength 
had  now  been  arrived  at  as  would  last  for  a  month  before  wanting 
renewal.  A  large  number  of  these  Simplex  engines  had  now  been 
supplied  both  in  France  and  abroad,  and  no  trouble  had  been 
experienced  on  this  score.  In  the  details  of  the  mechanism  it  had 
sometimes  happened  that  all  had  not  gone  quite  perfectly  at  the 
outset ;  but  of  the  batteries  he  had  never  heard  any  complaints. 
Dynamos  had  also  been  tried  with  excellent  results.  They  worked 
well,  and  caused  the  engine  to  work  well  also  ;  but  unfortunately  it 
was  not  every  attendant  who  could  be  trusted  with  them.  And  it  had 
been  found  that  small  gas  engines  sent  into  the  country  with  dynamos 
soon  got  out  of  order  for  want  of  proper  care.  The  battery  had 
therefore  been  preferred,  wherever  a  choice  had  to  be  made  between 
the  two ;  and  it  was  still  found  to  give  the  least  trouble. 

The  discharge  of  the  burnt  gases  from  the  cylinder  of  the  Simplex 
engine  took  place  through  a  mushroom  valve  in  the  lower  side  of  the 
cylinder  at  the  back  end.  Fig.  21,  Plate  107.  There  had  never  been 
the  slightest  trouble  with  these  exhaust  valves,  and  they  were  working 
as  well  at  the  present  day  as  at  the  first  starting  of  the  engine. 
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To  the  excellent  gas  engines  wbicli  had  been  mentioned  as  now  in 
use  in  England  lie  bad  not  made  special  reference  in  tbe  paper, 
because  in  tbe  improvements  introduced  in  tbe  Simplex  engine  be 
bad  bad  in  view  ratber  tbe  engines  of  Otto,  Beau  de  Eocbas,  and 
Lenoir ;  and  tbe  paper  would  bave  extended  to  too  great  a  length, 
bad  reference  been  made  to  tbe  many  other  good  engines  now  in  use. 

The  plan  of  placing  tbe  dynamo  quite  close  to  the  fly-wheel  was 
not  new ;  and  his  only  reason  for  mentioning  it  was  that  be  bad 
found  tbe  best  results  were  obtained  by  placing  tbe  dynamo  in  that 
position.  This  plan  had  been  adopted  after  many  months'  trial,  for 
the  purpose  of  allowing  a  slight  amount  of  slip  at  the  moment  of 
explosion,  because  be  believed  that  the  quivering  of  incandescent 
lights  driven  by  a  gas  engine  was  occasioned  at  the  moment  of 
explosion.  Previously  a  trial  bad  been  made  of  putting  in  an 
intermediate  friction-pulley  for  driving  the  dynamo,  so  as  to  allow 
of  a  slight  slip  at  the  moment  of  explosion.  That  bad  answered 
pretty  well,  until  it  was  at  last  found  that  the  simpler  plan  of  placing 
the  dynamo  quite  close  to  tbe  fly-wheel  answered  better.  Tbe  slight 
slip  which  then  occurred  at  the  moment  of  explosion  was  perfectly 
eifectual  in  preventing  any  quiver  from  being  perceptible  in  tbe 
light ;  while  at  tbe  same  time  it  was  also  found  that  more  lamps 
could  then  be  driven  per  horse-power. 

The  President  enquired  whether  any  trials  had  been  made  in 
confirmation  of  the  statement  in  page  522  of  tbe  jjaper,  that,  while  at 
first  sight  it  might  be  expected  that  delaying  tbe  point  of  ignition 
would  entail  a  loss  of  power,  yet  experience  showed  that,  though  the 
area  of  the  indicator  diagram  was  diminished,  the  work  measured  by 
tbe  friction  brake  was  greater. 

M.  Delamare  replied  that  the  idea  of  igniting  the  explosive 
mixture  a  little  later,  instead  of  exactly  on  the  dead  point,  bad  only 
lately  occurred  to  him  ;  and  considerable  economy  bad  been  found 
to  result  from  simply  delaying  the  explosion  until  tbe  crank  bad  got 
to  15°  past  the  dead  point,  instead  of  exploding  at  tbe  dead  point ; 
while  the  power  of  the  engine  was  not  diminished  by  that  amount  of 
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delay.  In  Fig.  34,  Plate  112,  was  shown  a  specimen  indicator 
diagram  from  an  8  horse-power  Simplex  engine,  with  cylinder  7  •  87 
inches  diameter^and  15-75  inches  stroke,  running  at  165  revolutions 
per  minute. 

The  President  asked  what  was  the  consequence  of  the  compression 
being  less  at  the  moment  of  explosion,  owing  to  the  explosive  mixture 
having  somewhat  expanded  in  the  interval  between  the  dead  point 
and  the  point  of  explosion. 

M.  Delamare  replied  that  the  diminished  compression  was  not 
attended  with  any  loss  of  efficiency.  In  different  sizes  and  makes  of 
the  Simplex  engine  the  compression  at  the  moment  of  explosion 
ranged  from  70  uj)  to  110  lbs.  per  square  inch,  with  the  same  results 
always  in  favour  of  the  later  ignition.  It  must  be  borne  in  mind 
that  delaying  the  explosion  enabled  the  connecting-rod  to  assume  an 
inclination  sufficient  for  relieving  the  crank-shaft  bearings  from  the 
greater  part  of  the  blow  produced  by  the  explosion,  and  for 
transferring  it  direct  to  the  crank  itself  as  useful  force. 

The  President  remarked  that,  as  the  compression  was  less  at  the 
moment  of  the  later  explosion,  it  looked  as  though  the  same  result 
in  economy  might  be  realised,  when  igniting  on  the  dead  point,  by 
not  compressing  to  so  great  an  extent  as  that  which  had  previously 
been  adopted  with  a  view  to  enhancing  the  rapidity  and  efficiency 
of  the  explosion. 

Mr.  H.  Coke  Powell  said  the  result  would  hardly  be  the  same  in 
that  case,  because  the  advantage  of  the  delayed  explosion  arose  from 
the  fact  that  the  piston  was  then  already  travelling  at  some  speed  in 
its  forward  stroke,  and  the  connecting-rod  was  a  little  inclined  at  the 
moment  of  explosion  ;  there  was  also  much  less  loss  by  friction 
on  the  bearings.  The  over-compression  had  moreover  the  effect  of 
reducing  the  weight  of  burnt  and  inert  gases  remaining  in  the 
cylinder  to  dilute  the  explosive  mixture  in  the  next  stroke;  for 
while  the  effective  or  driving  length  of  stroke  was  shortened  by  not 
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commencing  until  tlie  delayed  point  of  ignition  was  reached,  tlie 
expulsion  of  the  burnt  gases  after  explosion  was  continued  to  the 
very  end  of  the  return  stroke ;  and  the  expelling  stroke  being  thus 
longer  than  the  driving  stroke,  their  diflference  represented  the 
reduction  in  the  weight  of  burnt  gases  still  remaining  in  the 
clearance  space  at  the  conclusion  of  the  expelling  stroke.  The  power 
absorbed  in  the  over-compression  was  all  given  back  in  the  driving 
stroke,  and  not  only  tended  to  bring  the  mass  of  the  piston  and 
other  reciprocating  parts  more  effectually  to  rest  at  the  end  of  the 
compressing  stroke,  but  also  started  this  mass  in  the  driving  stroke 
before  the  explosion  took  place. 

Mr.  J.  Macfarlane  Gray  thought  it  should  be  remembered  that 
what  was  spoken  of  as  a  dead  point  was  not  really  a  dead  point  but  a 
dead  arc,  of  larger  or  smaller  angle  according  to  the  coefficient  of 
friction,  the  diameters  of  the  crank-pin  and  shaft  journals,  and  the 
ratio  of  crank  to  connecting-rod.  Through  the  extent  of  the  dead 
arc,  no  pressure  whatever  upon  the  piston  would  be  capable  of 
stirring  the  engine  when  standing  still.  But  though  no  driving 
power  could  be  produced  through  the  dead  arc,  the  friction  through 
that  arc  could  not  be  shirked  ;  and  this  was  the  reason  why  the  best 
plan  was  to  let  the  crank  pass  clear  beyond  the  dead  arc,  before 
the  pressure  was  thrown  upon  it  by  the  exj)losion. 

The  President  was  sure  the  Members  would  agree  with  him  in 
according  to  M.  Delamare  and  his  partner  Mr.  Powell  a  hearty  vote 
of  thanks  for  the  excellent  paper  that  had  been  presented  to  the 
Institution  upon  a  subject  which  was  becoming  daily  of  more  and 
more  interest  and  importance  to  engineers. 
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EXCURSIONS.* 

The  Visits  and  Excursions  in  connection  witli  tLo  Paris  Meeting 
were  for  tlie  most  part  organised  by  tlio  kinduess  of  the  deception 
Committee  of  the  Societo  des  Ingenieurs  Civils  de  France. 

On  Tuesday  Afternoon,  2ud  July,  a  visit  was  paid  to  the  Paris 
Exhibition,  the  Members  assembling  at  the  Salle  de  Travail  of  the 
Societe  des  Ingenieurs  Civils,  for  making  their  tour  of  inspection  in 
groups  devoted  to  mines,  metallurgy,  machinery,  boilers  and  sugar 
machinery,  railways,  electricity,  and  public  works ;  the  several 
groups  were  conducted  by  Members  of  the  Societe. 

In  the  evening  a  Reception  was  held  at  the  House  of  the 
Societe  des  Ingeuieurs  Civils,  10  Cite  Rougemont,  by  the  President, 
M.  Eiffel,  and  the  Reception  Committee  and  other  Members  of  the 
Societe. 


On  Wednesday  Afternoon,  3rd  July,  the  Members  visited  the 
Museum  of  the  Conservatoire  des  Arts  et  Metiers,  to  inspect  especially 
two  celebrated  musical  automatons,  which  were  exhibited  in  action. 
They  afterwards  visited  the  Paris  Lyons  and  Mediterranean  Railway 
Locomotive  Works,  1  Rue  du  Charolais,  Avenue  Daumesnil,  under 
the  guidance  of  M.  Henry,  Locomotive  and  Carriage  Superintendent, 
M.  Baudry,  his  assistant,  and  MM.  Leon,  Chabal,  Marechal, 
Vanderheym,  and  Hovine,  departmental  engineers  ;  the  Gas  Engine 
Works  of  Messrs.  Rouart  Freres  et  Cie.,  137  Boulevard  Voltaire ; 
and  the  Electric  Lighting  and  other  arrangements  of  the  Grand 
Opera  House,  under  the  guidance  of  M.  Vernes.  Descriptions  of  these 
Works  are  given  in  pages  549-552  and  569.  Conveyances  to  most  of 
the  Works  visited  on  Wednesday,  Thursday,  and  Friday  afternoons 
were  provided  by  the  kindness  of  the  Societe  des  Ingenieurs  Civils. 

*  The  notices  appended  of  the  various  Works  &c.  visited  in  connection  with 
the  meeting  were  kindly  supplied  for  the  information  of  tlie  Members  by  the 
respective  proprietors  or  authorities ;  several  of  them  have  been  abridged  from 
descriptions  whicli  appeared  iu  Engineering  and  otlier  journals  about  the  time  of 
the  meeting. 
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Ou  Wednesday  evening  the  Institution  Dinner  was  held  at  the 
Hotel  Continental,  3  Eue  Castiglione,  Paris,  and  was  largely  attended 
by  the  Members  and  their  friends.  The  President  occupied  the 
chair,  and  the  following  Guests  were  amongst  those  invited,  some  of 
whom  however  were  unavoidably  prevented  from  being  present. 

The  Eight  Honourable  the  Earl  of  Lytton,  G.O.B.,  British 
Ambassador  Extraordinary  and  Minister  Plenipotentiary.  M.  Tirard, 
Minister  of  Commerce  and  Industry ;  M.  Yves  Guyot,  Minister  of 
Public  Works ;  and  M.  Faye,  Minister  of  Agriculture.  MM.  Sebillot 
and  Dautresme,  Chefs  de  Cabinet.  M.  Picard,  President  of  the 
Bailway  Consulting  Committee ;  M.  Nicolas,  Directeur  du  Commerce 
Interieur. 

Reception  Committee  of  the  Societe  des  Jngenieurs  Civils. — M. 
Gustave  Eiffel,  President.  MM.  Victor  Contamin,  Ernest  Polonceau, 
Sylvain  Perisse,  and  Paul  Jousselin,  Vice-Presidents.  M.  Henry 
Couriot,  Treasurer.  MM.  Henri  Vallot,  Eugene  Bertrand  de 
Fontviolant,  Georges  Cerbelaud,  and  Henri  Emile  Bert,  Secretaries. 
MM.  Achille  Briill,  Alexandre  Gottschalk,  Samson  Jordan,  and 
Emile  Trelat,  Past-Presidents.  MM.  Gustave  Canet,  Anatole  Mallet, 
Jules  Morandiere,  and  Paul  Eegnard,  Members  of  Council.  MM. 
David  Banderali,  Francois  Fernand  Bourdil,  Eugene  Hippolyte 
Boyer,  Oscar  Gabriel  Buron,  Charles  Casalonga,  Camille  de  Cordemoy, 
Paul  Decauville,  Maurice  Demoulin,  Eaoul  Doux,  Charles  Delapoix 
de  Freminville,  Jean  Baptiste  Gobert,  Ernest  Mayer,  Edgar  Monjean, 
Adolphe  Salles,  Henri  Vaslin,  Amedee  Vernes,  and  Georges  Whaley, 
Members.     M.  Armand  de  Dax,  Agent-General. 

Other  Members  of  the  Societe  des  Ingenieurs  Civils. — MM, 
Charles  de  Comberousse,  Joseph  Farcot,  Hildevert  Hersent, 
Alexandre  Lavalley,  George  Love,  Louis  Martin,  Henry  Mathieu, 
Leon  Molinos,  Emile  Muller,  and  Francisque  Eeymond,  Past- 
Presidents.  M.  Gustave  Loustau,  Honorary  Treasurer.  MM.  Alfred 
Hallopeau,  Paul  Buquet,  Charles  Herscher,  Leon  Appert,  Jules 
Carimantrand,  Edouard  Lippmann,  Louis  Eey,  Jules  Charton,  Louis 
Berthon,  Leon  Vigreux,  Auguste  Moreau,  Max  de  Nansouty,  Louis 
Parent,  Alexandre  Gouilly,  Louis  Boudenoot,  and  Hubert  Desgrange, 
Members  of  Council. 
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Conservatoire  National  cles  Arts  et  Metiers. — Colonel  Laussedat, 
Director ;  M.  Leon  Masson,  Emjineer. 

Mr.  Henry  Chapman,  Honorary  Local  Secretary  for  the  Paris 
Meeting.  M.  A.  Ansaloni,  M.  Edouard  Delamare-Deboutteville, 
Mr.  Job  Duerden,  Mr.  J.  Macfarlane  Gray,  Mr.  Thomas  Urquhart, 
Authors  of  Papers. 

Paris  Exhibition. — Sir  Polydore  de  Keyser,  President  of  the 
British  Committee ;  Mr.  H.  Trueman  Wood,  Commissioner  of  the 
British  Section ;  Mr.  J.  Aylmer,  Honorary  Secretary ;  Mr.  J.  H. 
Cundall,  Engineer;  Mr.  J.  Schultz,  Assistant  Engineer.  M.  Alphand, 
Director-General  of  Works ;  M.  Georges  Berger,  Director-General  of 
Management ;  M.  Grison,  Director-General,  Finance  Department ; 
M.  Bechmann,  Engineer,  Water  Supply;  M.  A.  de  Lacretelle, 
Secretary,  Foreign  Sections ;  M.  Halphen,  Secretary  to  Machinery 
Committee ;  M.  Bourdon,  Engineer  to  Mechanical  Department ;  Mr. 
Gunnell,  Engineer  of  the  United  States  Section,  and  ]\Ir.  Pickering, 
Superintendent ;  M.  Carez,  Engineer  of  the  Belgian  Section  ;  M.  Grille, 
General  Manager  of  the  Exhibition  Railways ;  M.  Colin,  Engineer  of 
Class  61  {Bailway  Material);  Mr.  T.  Campbell  Clarke,  British 
Juror,  Class  13  [Musical  Instruments) ;  Mr.  Conrad  Cooke,  British 
Juror,  Class  15  {Scientific  Instruments)  ;  Mr.  H.  T.  Ellicott,  British 
Juror,  Class  41  [Products  of  Mines,  and  Metallurgy)  ;  Mr.  W.  H. 
Preece,  Electrician  to  General  Post  Office,  and  British  Juror, 
Class  62  [Electricity) ;  and  Professor  Francis  Elgar,  Director  of 
Dockyards,  and  British  Juror,  Class  65  [Navigation  and  Life-Saving 
Apparatus). 

M.  Henry,  Locomotive  and  Carriage  Superintendent,  Paris  Lyons 
and  Mediterranean  Bailway  ;  M.  Baudry,  Assistant ;  and  M.  Marechal, 
Works  Manager.  M.  Marin,  General  Manager  of  the  Western  Bailway 
of  France ;  M.  Foulon,  Secretary ;  M.  Clerc,  Director  of  Works ;  M. 
Morliere,  Engineer-in- Chief ;  M.  Bouissou,  Permanent-Way  Engineer; 
M.  Cleranlt,  Locomotive  and  Carriage  Superintendent ;  and  M.  Vetillard, 
Superintendent  of  Central  District.  M.  Mathias,  Locomotive  and 
Carriage  Superintendent,  Northern  Bailway  of  France ;  M.  Sartiaux, 
Assistant  Engineer ;  and  M.  Sauvage,  Works  Manager.  M.  Salomon, 
Locomotive  and  Carriage  Superintendent,  Eastern  Bailway  of  France ; 
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M.  Flaman,  Chief  Inspecting  Engineer;  and  M.  Birckel,  Engineer. 
M.  Solacroup,  Assistant  Locomotive  and  Carriage  Superintendent, 
Orleans  Bailicay.  M.  Cliabrier,  Managing  Director,  Transatlantic 
Steam  Navigation  Co.  of  France. 

M.  Vetillart,  Engineer,  Calais  Harbour  WorJcs ;  M.  Eau,  Manager 
of  the  Continental  Edison  Co. ;  MM.  Henri  and  Alexis  Eouart ; 
Baron  Deslandes,  Chairman  of  the  Paris  Compressed- Air  Co., 
M.  Popp,  Manager,  and  M.  Martin,  Engineer ;  M.  Gaget-Gauthier ; 
MM.  Plassard,  Morin,  and  Fillot,  Proprietors  of  the  Magasins  du 
Bon  Marche,  M.  Karcher,  Secretary,  and  M.  Lelong,  Engineer ; 
MM.  Louis  Sautter  and  Paul  Lemonuier ;  M.  Victor  Veysy ;  MM. 
Emile  and  Pierre  Decauville. 

M.  Haton  de  la  Goupilliere,  Inspecteur  General  des  Mines,  Directeur 
de  VEcole  superieure  des  Mines ;  M.  Carnot,  Ingenienr-en-Chef  des 
Mines,  Inspecteur  de  VEcole  superieure  des  Mines ;  General  Henry, 
Directeur  de  VEcole  Polytechnique  ;  M.  Lagrange,  Directeur  de  VEcole 
Nationale  des  Pouts  et  Chaussees;  M.  Cauvet,  Directeur  de  VEcole 
Cenirale;  M.  Fontaine,  President  de  la  Societe  des  Anciens  Eleves 
des  Ecoles  Nationales  d'Arts  et  Metiers;  M.  Liebaut,  President  de 
la  Chamhre  syndicale  des  Ingenieurs  -  Constructeurs  -  Mecaniciens ;  M. 
Berrier-Fontaine,  Sous-Directeur  de  V Arsenal  de  Toulon ;  Commandant 
Deport,  Directeur  de  V Arsenal  de  Puteaux. 

M.  Henri  Schneider,  Creusot  Works ;  M.  Arson,  Engineer, 
Paris  Gas  Co. ;  M.  Cornuault,  Manager  of  the  Marseilles  Gas  Co. ; 
M.  d'Eiclithal,  Managing  Director,  Railway  Polling  Stock  Co. ; 
M.  Duval,  General  Manager,  Fives-Lille  Co.,  and  M.  Lantrac,  Engineer  ; 
Colonel  de  Bange,  General  Manager  of  the  Anciens  Etahlissements  Cail, 
and  M.  Bougault,  Assistant  Manager ;  M.  Jouet  Pastre,  Managing 
Director  of  the  Chantiers  de  la  Mediterranee ;  M.  Le  Belin  de  Dionne, 
General  Manager  of  the  Chantiers  de  la  Gironde  ;  M.  de  Cabrol,  and 
M.  Thiebaut,  Managing  Directors  of  the  Chantiers  de  la  Loire. 

Mr.  Henry   R.    Towne,    President   of    the   American   Society   of 
Mechanical    Engineers,    and    Mr.    William    Kent,     Vice-President 
Professor  E.    H.    Thurston,    Cornell    University,   U.S. ;    M.  Habets, 
Secretary   of  the   Societe  des  Ingenieurs  sortis  de  VEcole  de  Liege 
M.  Flamme;   M.   Schaar;   M.  Thery ;    Captain  de  Labouret ;  Mr. 
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George  M.  Bond ;  Mr.  Benning ;  M.  Duval  fils ;  Mr.  Charles 
Eicliards  ;  Mr.  Bowes  ;  Mr.  Gody  ;  and  Mr.  Beatty  Kingston. 

The  President  was  supjiorted  by  the  following  Officers  of  the 
Institution :  —  Mr.  Jeremiah  Head,  Past-President ;  Mr.  Daniel 
Adamson,  Sir  James  N.  Douglass,  Mr.  Arthur  Paget,  and  Mr. 
Joseph  Tomlinson,  Vice-Presidents ;  Mr.  Benjamin  A.  Dobson, 
Professor  Alexander  B.  W.  Kennedy,  and  Mr.  E.  Windsor  Eichards, 
Members  of  Council. 

The  usual  loyal  toasts  for  both  countries  having  been  duly 
honoured,  the  President  proposed  the  "  Societe  des  Ingenieurs 
Civils,"  which  was  acknowledged  by  their  President,  M.  Gustave 
Eiffel.  Mr.  Jeremiah  Head  proposed  "  The  Directors  and  Managers 
of  the  various  Establishments  where  the  Members  are  being  received 
during  their  Meeting  in  Paris,"  which  w'as  acknowledged  by  M. 
Decauville.  The  toast  of  "  Our  Guests,"  proposed  by  Mr.  Daniel 
Adamson,  was  acknowledged  by  Professor  E.  H.  Thurston,  who  also 
proposed  the  final  toast  of  "  The  Institution  of  Mechanical 
Engineers,"  which  was  acknowledged  by  the  President. 


On  Thursday  Afternoon  visits  were  made  to  the  following 
Works,  descriptions  of  which  are  given  in  pages  552-560  and  5G5-G. 

M.  Popp's  Compressed-Air  Power  Supply  Station,  8  to  16  Eue  St.  Fargeau. 

Eden  Theatre,  Compressed-Air  Machinery. 

M.  Boudenoot's  Vacuum  Power  Supply  Station,  41  Eue  Beaubourg. 

Sewers  :  Place  du  Chatelet  and  Place  de  la  Madeleine. 

Messrs.  Sautter  Lemonnier  and  Co.'s  Electric-Light  Works,  26  Avenue  de  Suffren. 

Conveyances  to  the  Compressed-Air  Works  were  kindly  supplied 
by  M.  Popp ;  and  on  returning  thence  the  Members  were  taken  to 
the  Eden  Theatre,  to  see  the  application  of  compressed  air  to  the 
machinery  there  in  use. 

The  Sewers  were  entered  at  the  Place  du  Chatelet,  under  the 
guidance  of  M.  Bechmann,  Ingenieur-en-Chef  des  Ponts  et  Chaussees, 
and  at  the  Place  de  la  Madeleine,  under  the  guidance  of  an  assistant 
engineer.  The  passage  was  made  partly  in  boats  and  partly  in  cars, 
both  being  propelled  by  means  of  large  shutters  or  vanes,  which  are 
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let    down   into   tlie   water   and    acted    upon     by    tlie    current    (seo 
Proceedings  1878,  page  548). 

The  visit  to  Messrs.  Sautter  Lemonnier  and  Co.'s  Works  was 
made  in  the  evening,  when  the  electric-lighting  arrangements  could 
be  inspected  to  greater  advantage.  Some  high-speed  vertical  single- 
acting  engines  were  shown  at  work,  and  the  Members  were  afterwards 
taken  to  the  top  of  the  tower  in  the  works  to  see  the  action  of  two 
powerful  electric-light  projectors,  similar  to  those  on  the  top  of  the 
Eiflfel  Tower. 


On  Friday,  5th  July,  the  Members  assembled  at  the  foot  of  the 
Eiffel  Tower  at  eight  o'clock  a.m.,  where  they  were  received  by  M. 
Eiffel,  President  of  the  Societe  des  lugenieurs  Civils  and  Chairman 
of  the  Reception  Committee,  and  by  a  large  number  of  the  Members 
of  the  Societe,  under  whose  guidance  and  invitation  they  were 
conducted  first  to  the  top  platform  of  the  tower,  at  906  feet  height 
above  the  ground,  whence  many  ascended  to  the  lantern  gallery  some 
65  feet  above.  A  description  of  the  tower  is  given  in  pages  561— 
565 ;  and  of  the  lifts  in  M.  Ansaloni's  paper  (pages  S50-364),  and 
in  M.  Eiffel's  supplementary  remarks  respecting  their  working  up  to 
date  (pages  365-9  and  376-8).  At  eleven  o'clock  the  Members  were 
entertained  at  luncheon  by  the  Societe  des  Ingenieurs  Civils,  on  the 
first  platform  of  the  tower,  at  a  height  of  189  feet  above  the  ground. 

In  the  afternoon  alternative  visits  were  arranged  to  the  following 
Works,  descriptions  of  which  are  given  in  pages  566-573. 

Bon  Marche  Electric  Lighting  and  Eepairing  Sliops,  corner  of  Kue  de  Sevres  and 

Rue  du  Bac. 
Edison's  Electric  Installation  in  the  second  courtyard  of  tlje  Palais  Royal. 
Western  Railway  (Hydraulic  INIafhinery  &e.),  Cour  de  Rome,  St.  Lazare  Station. 
MM.  Perreur-Lloyd  pere  et  fils  (Primary  Batteries),  118  Rue  de  Vaugirard. 

The  visit  to  the  Bon  Marche  was  made  under  the  guidance  of 
M.  Plassard,  one  of  the  proprietors,  and  of  M.  L.  Lelong,  head  of 
the  machinery  department.     Ladies  were  admitted  to  inspect   the 
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arrangoraents  for  the  comfort  of  the  employes.     M.  Eau,  Manager  of 

the  Continental  Edison  Co.,  took  charge  of  the  party  who  visited 
the  Edison  installation  at  the  Palais  Royal.  At  St.  Lazare  Station 
the  Members  were  welcomed  in  the  grand  hall  of  the  hotel  by 
M.  Honore,  Engineer  of  the  Magasins  du  Louvre ;  after  which 
the  inspection  of  the  Works  was  made  under  the  guidance  of 
M.  Morliere,  Engineer-in-Chief,  and  M.  Bouissou,  Permanent- Way 
Engineer.  By  the  kindness  of  M.  Victor  Veysy  conveyances  from  the 
Exhibition  were  provided  for  the  Members  visiting  MM.  Perrcur- 
Lloyd's  Works,  over  which  they  were  conducted  by  M.  Marcel 
Perreur-Lloyd. 

In  the  evening  the  Members  visited  the  Exhibition  to  see  the 
electric  lighting  and  the  illumination  of  the  fountains. 


On  Saturday,  Gth  July,  two  alternative  Excursions  were  made. 

On  the  invitation  of  M.  Decauville,  a  large  number  of  Members, 
under  the  conduct  of  M.  Polonceau,  Vice-President  of  the  Societe  des 
Ingenieurs  Civils,  were  conveyed  from  the  Lyons  Station  in  Paris 
by  special  free  train,  by  the  kindness  of  the  Paris  Lyons  and 
Mediterranean  Eailway,  to  Corbeil,  about  21  miles  south  from  Paris, 
being  accompanied  by  M.  Picard,  General  Manager  of  the  line. 
Thence  in  a  train  of  Decauville  cars  they  proceeded  to  Petit-Bourg 
to  visit  the  Decauville  Portable-Eailway  and  EoUing-Stock  Works,  a 
description  of  which  is  given  in  pages  573-576.  Over  these  they 
were  conducted  by  M.  Decauville  and  his  brothers,  MM.  Emile 
and  Pierre  Decauville,  his  partners  and  joint  managers.  The 
facility  with  which  the  portable  railway  could  be  laid  and  relaid 
was  practically  demonstrated  in  the  experimental  grounds  attached 
to  the  works  ;  and  the  stiffness  and  good  quality  of  the  material 
employed  was  shown  by  bridging  a  ditch  7  feet  wide  with  the 
rails  alone  of  14  lbs.  per  yard,  and  running  over  them  a  wagon 
carrying  a  gun  weighing  3^  tons.  The  capabilities  of  these 
narrow-gauge  railways  for  dealing  with  heavy  loads  was  further 
illustrated  by  manoeuvring  a  model  of  a  48-ton  gun  mounted  on  a 
pair  of  double-bogie  wagons  with  swivel  frames.      By  the  efforts 
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of  only  a  dozen  men  tlie  gun  was  readily  transferred  from  one 
line  to  another  at  right  angles,  and  was  reversed  end  for  end,  by 
employing  only  the  ordinary  small  turntable  at  the  point  of  junction. 
From  the  Works  the  Members  were  conveyed  by  special  tramway 
to  M.  Decauville's  residence,  the  Chateau  des  Tourelles,  where 
they  were  entertained  by  him  at  luncheon.  The  return  journey  to 
Paris  in  the  afternoon  was  made  by  means  of  the  same  train 
arrangements  as  in  the  morning. 

The  Members  returning  to  England  on  Saturday  visited  at  Calais 
the  New  Harbour  Works  (pages  57G-581)  under  the  guidance  of 
M.  Vetillart,  Ingenieur-en-Chef  du  Service  Maritime.  Before 
leaving  they  were  entertained  at  luncheon  by  the  Calais  Chamber  of 
Commerce.  A  handsome  bronze  medal,  struck  to  commemorate  the 
inauguration  of  the  worlcs  in  the  previous  month  by  M.  Carnot, 
the  President  of  the  French  Eepublic,  was  presented  to  the 
President  of  the  Institution  by  M.  Fournier,  President  of  the 
Chamber  of  Commerce. 


PAEIS  LYONS  AND  MEDITERRANEAN  RAILWAY 
LOCOMOTIVE  WORKS. 

The  Locomotive  Works  in  the  Rue  du  Charolais,  near  the  Lyons 
Railway  Station,  Paris,  are  occupied  with  the  building  and  repairing 
of  engines  and  tenders  and  the  repairing  of  carriages,  about  700 
hands  being  employed  for  the  former  and  400  for  the  latter.  They 
are  capable  of  turning  out  about  40  locomotives  per  annum,  besides 
executing  the  heavy  repairs  of  about  100  engines.  There  are  two 
other  locomotive  works  belonging  to  the  railway,  one  at  Oullins 
near  Lyons,  employing  1,100  hands,  and  the  other  at  Aries 
employing  500.  At  Oullins  there  are  also  carriage  works  larger 
than  those  in  Paris.  The  principal  wagon-repairing  shops  are  at 
Villeneiive-St.-Georges  near  Paris,  at  Dijon,  at  Lyons,  at  Courbessac 
near  Nimes,  and  at  Marseilles. 
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At  tlio  Paris  works  there  are  two  erecting  sLops,  containing 
eighteen  and  twenty-two  engine-pits  respectively,  cacli  of  which  is 
provided  with  a  small  overhead  travelling  crane  worked  by  hand, 
and  capable  of  lifting  up  to  two  tons.  In  neither  shop  is  there  any 
general  overhead  travelling  crane,  but  each  shop  is  served  by  a 
traversing  table '  which  passes  down  its  centre,  being  worked  by 
steam  in  one  shop  and  in  the  other  by  hand  ;  whilst  for  lifting 
the  engines  when  removing  or  rephxciug  wheels  there  is  provided 
a  twenty-ton  crane  with  a  kind  of  gantry  framing,  which  by 
means  of  the  traversing  table  can  be  brought  over  any  pit.  This 
large  crane  runs  on  rails  laid  to  a  gauge  wide  enough  to  keep  the 
side  legs  well  clear  of  the  engine  which  is  being  lifted  ;  and  rails 
are  laid  to  this  wide  gauge  for  each  pit,  in  addition  to  the  ordinary 
rails  on  which  the  engines  stand. 

In  the  fitting  and  machine  shop,  which  adjoins  the  erecting  shop, 
is  a  large  machine  for  shaping  and  drilling  locomotive  frame-plates. 
It  has  a  heavy  table,  whereon  can  be  fixed  a  pile  of  frame-plates, 
over  which  travel  four  heads,  two  for  both  drilling  and  slotting,  and 
the  other  two  for  drilling  only.  Adjoining  is  another  fitting  and 
machine  shop,  in  which  a  number  of  milling  tools  are  at  work, 
including  a  heavy  milling  machine  on  the  copying  principle.  In 
this  shop  also  is  a  double  horizontal  boring  machine,  having  the 
two  boring  bars  fixed  at  an  invariable  distance  apart,  for  boring 
simultaneously  the  two  inside  cylinders  for  a  locomotive,  which  are 
generally  cast  together  in  one  piece  having  the  upper  surface 
hollow,  like  an  inverted  saddle,  with  facing  strips  to  receive  the 
boiler  barrel. 

In  the  boiler  shop  and  smiths'  shop,  both  of  which  adjoin  the 
machine  shops,  the  appliances  include  a  hydraulic  riveting  machine ; 
a  furnace,  of  which  the  roof  can  be  run  back  on  rails,  for  annealing 
the  boiler  plates  after  punching  and  bending ;  and  steam-hammers 
and  cranes,  for  which  the  steam  is  supplied  by  Field  boilers  heated 
by  the  waste  gases  from  the  furnaces. 

The  testing  shop,  which  is  fitted  up  with  great  completeness, 
contains  two  vertical  testing  machines  capable  of  applying  strains  of 
25  tons  and  100  tons  respectively  ;  a  cable-testing  machine  capable 
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of  eserting  a  pull  of  100  tons  on  chains  nearly  100  feet  long ;  a 
testing  macbine  i;)lacecl  in  a  pit  beneath  the  floor  level,  for  applying 
transverse  and  compression  strains  to  tires  and  axles ;  a  machine  for 
testing  india-rubber  buffer-springs  ;  and  another  for  testing  belts. 
For  testing  the  locomotives  under  steam,  a  rectangular  pyramidal 
frame  has  been  put  up,  from  which  they  are  slung  by  their  buffer 
beams,  or  by  adjustable  slings  passing  under  their  leading  and 
trailing  ends ;  they  are  then  run  round  at  different  speeds,  clear  of 
the  rails.  The  engine  draws  its  own  diagram  of  its  vertical 
and  horizontal  oscillations  ;  and  instruments  have  been  devised  for 
measuring  the  stresses  produced  when  the  engine  is  held  from 
moving.  The  object  is  to  obtain  such  an  indication  of  the  stresses 
and  oscillations  produced  in  actual  running  as  to  afford  a  basis  for 
modification  in  design ;  but  the  experiments  have  not  yet  been 
carried  to  such  an  extent  as  to  admit  of  definite  conclusions  being 
arrived  at.  Most  of  the  railways  running  out  of  Paris  have  sent 
their  engines  to  be  thus  tested  at  these  works. 


GAS-ENGINE  WOEKS. 

At  the  works  of  Messrs.  Eouart  Freres  et  Cie.,  137  Boulevard 
Voltaire,  are  manufactured  Bisschop  and  Lenoir  gas  engines,  the 
former  up  to  1  horse-power,  and  the  latter  from  1  to  24  horse-power ; 
Lenoir  petroleum  engines  from  2  to  12  horse-power ;  Gramme 
machines  for  electric  lighting  and  for  electro-metallurgical  purposes  ; 
refrigerating  and  ice-making  machines ;  disintegrating  and  crushing 
machinery ;  centrifugal  pumps,  steam-pressure  regulators,  lucigens, 
&c.  The  refrigerating  machines,  whether  for  domestic  or  commercial 
use,  are  worked  by  the  employment  of  an  ammoniacal  solution 
heated  in  a  closed  vessel.  For  cooling  brewers'  cellars,  chloride 
of  calcium,  refrigerated  to  a  very  low  temperature  by  apparatus  of 
this  kind,  is  allowed  to  trickle  down  vertical  sheets  of  wire-gauze ; 
and  the  plan  has  been  in  use  at  the  Morgue  from  1880  without 
interruption.  The  disintegrating  and  crushing  machines  consist 
of  a  pair  of  flat  circular  discs,  each  of  which  has  one  of  its  faces 
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studded  with  a  number  of  teetli.  These  are  placed  face  to  face, 
close  to  each  other,  one  of  the  discs  being  fixed,  whilst  the  other 
is  caused  to  rotate  at  from  700  to  800  revolutions  per  minute. 


i 


COMPEESSED-AIR  POWER  SUPPLY. 

The  works  of  the  Compagnie  Parisienno  de  I'Air  Comprime, 
started  in  1881  by  M.  Victor  Popp  and  situated  in  Rue  St.  Fargeau, 
are  now  transmitting  through  some  forty  miles  of  mains  compressed 
air  at  a  pressure  of  90  lbs.  per  square  inch,  which  is  utilised  to 
the  extent  of  nearly  3,000  horse-power. 

The   special  object   in   the  first  instance  was  to  establish  and 
maintain  a  system  of  pneumatic  clocks  in  the  streets ;  and  for  this 
purpose  mains  have  been  laid  over  a  considerable  portion  of  Paris. 
The  means  employed  for  working  the  large  number  of  clocks  now  in 
use  are  very  simjjle ;  they  comprise  a  central  station,  the  necessary 
mains    and    service   pipes,   and   the   clock   dials   with   the   si^ecial 
mechanism  emj)loyed.    At  the  central  station  a  clock  giving  standard 
time  actuates  at  intervals  of  a  minute  a  valve  connected  with  the! 
reservoir  of  compressed  air ;  during  the  first  twenty  seconds  of  each! 
minute  the  valve  allows  the  air  to  pass  from  the  reservoir  into  the' 
mains,  and  during  the  succeeding  twenty  seconds  it  permits  the  air 
to  escape  from  the  mains  into  the  atmosphere.     The  mains  consist  of  J 
circuits  of  pipes  laid  from  the  central  station,  and  connected  together] 
at  frequent  intervals,  in  order  to  multiply  the  means  of  supplyingJ 
any  given  point.     The  pipes  are  of  iron  or  lead,  varying  in  diameter 
from  1*06  to  0  •  39  inch,  and  are  fitted  at  short  intervals  with  three- 
way  valves,  accessible  from  the  street  surface,  in  order  to  divide  the! 
system  into  small  sections  without  interfering  with  the  service ;  thel 
small  service  pipes  leading  from  the  mains  into  the  houses  are  of 
lead,  and  vary  from  0'39  to  0"  16  inch  diameter.     The  special  deviceJ 
attached  to  each  clock  consists  of  a  small  air-receiver  or  bellows 
which  by  its  successive  dilatations  and  contractions  imparts  a  regular! 
movement  to  a  small  connecting-rod  caiTying  at  one  end  a  paul  thatj 
works  into  a  wheel  cut  with  sixty  teeth  and  fixed  to  the  minute  hand  ;j 
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a  second  paul  prevents  the  backward  movement  of  the  wheel.  The 
hour  hand  is  driven  by  a  train  of  ordinary  gearing.  Some  of  these 
clocks  are  fitted  with  a  bell  for  striking  the  hours,  the  mechanism 
being  wound  uj)  gradually  by  each  stroke  of  the  bellows.  The 
controlling  clock  at  each  station  thus  acts  as  the  heart  of  the  system 
of  which  the  station  is  the  centre,  opening  and  closing  at  regular 
intervals  the  valve  whereby  air  impulses  are  transmitted  through  the 
pipes  to  the  various  points  of  service.  At  the  St.  Fargeau  works  are 
two  horizontal  steam  engines  of  Corliss  type,  made  by  Messrs.  Farcot 
of  St.  Ouen,  each  of  60  horse-power,  either  of  which  is  capable  of 
supplying  the  compressed  air  necessary  for  working  the  pneumatic 
clocks  in  Paris,  while  the  other  stands  in  reserve.  The  actual 
power  at  present  required  for  this  purpose  at  the  works  is  35  horse- 
power, which  is  distributed  through  40  miles  of  mains  to  4,000 
houses  in  the  first  and  second  arrondissements  of  Paris,  and  works 
about  9,000  clocks. 

As  soon  as  it  was  found  that  the  power  produced  was  in  excess 
of  that  required  for  working  the  clocks,  the  distribution  of 
compressed  air  was  commenced  upon  a  much  larger  scale,  for  the 
transmission  of  power  to  various  parts  of  Paris,  and  for  a  great 
variety  of  purposes,  ranging  from  the  working  of  sewing  machines 
to  the  driving  of  printing  machinery,  electric-light  apparatus, 
elevators,  and  other  appliances.  The  extension  of  the  works  was 
begun  in  1886,  and  the  building  now  containing  the  engines  and 
compressors  is  a  rectangular  structure  open  from  end  to  end, 
328  feet  long  and  66  feet  wide ;  adjoining  but  separate  from  the 
engine-room  is  the  boiler-house,  66  feet  long  and  36  feet  wide. 
The  structure  is  entirely  of  iron,  the  spaces  between  the  standards 
being  filled  in  with  brickwork.  The  first  engine  erected  was  a 
beam  engine  of  350  horse-power,  built  by  Messrs.  Casse  and  Co. 
of  Lille;  and  the  works,  as  completed  in  1887,  contain  also  a 
range  of  six  horizontal  compound  engines  by  Messrs.  Davey 
Paxman  and  Co.  The  cylinders  of  each  compound  engine  are  22 
and  35  inches  diameter  and  4  feet  stroke;  each  engine,  when  working 
at  50  revolutions  per  minute  and  at  the  effective  steam  pressure  of 
85  lbs.  per  square  inch,  is  capable  of  developing  400  horse-power, 
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making  a  total  of  uo  less  tliaa  2,400  horse-power.  The  air- 
compressiug  cylinders,  one  to  each  steam  cylinder,  are  23  •  G2  inches 
diameter,  and  are  placed  on  the  same  bed-plates  and  driven  from 
the  piston-rods  of  the  engines.  For  cooling  the  compressed  air  a  jet 
of  water  is  admitted  at  each  end  of  the  compressing  cylinder,  and 
the  latter  is  drained  by  a  tap  at  each  end.  The  compressed  air  is 
delivered  from  tho  compressors  through  spring-loaded  valves  into 
seven  cylindrical  receivers,  6^  feet  diameter  and  41  feet  long,  placed 
end  to  end,  and  connected  together  by  pipes  with  valves  and  by- 
passes in  such  a  way  that  any  one  receiver  can  be  isolated  for 
repairs  or  other  jjurposes.  The  connecting  pipes  are  12  inches 
diameter,  and  are  so  arranged  that,  if  it  is  found  desirable,  the 
compressors  can  deliver  the  air  direct  into  the  mains. 

The  boiler-house  contains  seventeen  boilers,  14^  feet  long  and 
7^  feet  diameter,  having  two  flues  2^  feet  diameter  with  diagonal 
circulating  tubes  ;  each  boiler  has  about  1,100  square  feet  of  heating 
surface,  giving  a  total  of  over  18,000  square  feet.  "When  the  works 
are  in  full  swing,  about  50  tons  of  coal  are  consumed  per  day, 
representing  an  annual  consumption  of  nearly  20,000  tons.  The 
cost  of  water  is  sufficiently  high  in  Paris  to  render  it  desirable  that 
as  much  economy  as  possible  should  be  effected  in  its  use.  The 
condensing  water  from  the  engines  is  accordingly  collected  and 
pumped  up  to  the  top  of  a  large  rectangular  structure,  which  is 
provided  with  seven  stages,  having  a  total  surface  of  about  32,000 
square  feet ;  in  flowing  over  this  large  surface  the  water  is  cooled  on 
its  way  to  the  reservoir  upon  the  top  of  ^/hich  this  cooler  is  placed, 
whence  it  is  brought  back  to  the  engines  to  be  used  over  again ;  so 
that  only  the  water  required  to  make  up  the  loss  due  to  evaporation 
has  to  be  supplied  from  the  city  mains. 

Five  new  engines  and  compressors,  with  ten  new  boilers  to 
supply  them,  are  in  course  of  construction  by  the  Societe  Oockerill. 
In  addition  to  repairing  shops  on  a  small  scale,  and  oflices,  there  is 
also  a  laboratory,  used  chiefly  for  testing  the  meters  supplied  to  each 
consumer,  by  means  of  which  the  charges  are  determined.  The 
mode  of  testing  the  meters  is  by  comparing  their  readings  with  those 
of  a  large  standard  gas  meter,  the  air  pressure  being  previously 
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reduced  to  a  convenient  extent.  The  remainder  of  the  space  in  the 
works  is  utilised  for  coal  stores,  a  very  large  stock  being  always 
kept  on  hand  to  provide  against  the  contingency  of  the  supply  being 
interrupted.  The  works  are  lighted  by  electricity,  generated  by 
Thomson-Houston  dynamos. 

A  siibway  leading  from  the  works  gives  access  to  the  great 
system  of  underground  tunnels  by  which  Paris  is  traversed,  and  in 
which  as  far  as  possible  the  mains  are  laid.  The  pipes  are  of  cast 
iron,  about  12  inches  inside  diameter,  and  the  two  lines  of  mains  are 
each  laid  in  duplicate.  As  in  the  case  of  the  pipes  for  working  the 
pneumatic  clocks,  the  two  lines  of  mains  are  connected  at  short 
intervals  by  cross-pipes,  12  inches  diameter,  so  as  to  divide  up  the 
system  into  as  many  distinct  sections  as  possible,  and  thereby  to 
render  the  supply  as  free  from  the  dangers  of  interruption  as  is 
possible.  The  branch  or  service  pipes  from  the  mains  into  the 
premises  of  the  consumers  vary  from  1^  to  4  inches  diameter.  In 
order  to  prevent  interruption  of  the  service  during  repairs  or 
addition  of  new  branches,  a  large  number  of  valves  are  placed  upon 
the  mains,  so  as  to  isolate  any  particular  lengths  and  to  turn  the 
flow  of  compressed  air  into  special  directions.  Although  before 
leaving  the  works  the  water  contained  in  the  air  is  removed  in  a 
separating  reservoir,  a  certain  quantity  passes  into  the  mains ;  and 
imless  means  were  taken  to  remove  it,  considerable  trouble  might 
result,  especially  in  the  smaller  service  pipes.  Accordingly  at 
intervals,  and  especially  at  the  lowest  parts  of  the  lines,  automatic 
separating  syphons  are  introduced,  which  appear  to  be  practically 
efficient.  Before  being  conducted  to  a  motor  or  distributed 
throughout  a  building  by  branch  pipes,  the  compressed  air  flows 
into  a  pressure  regulator,  which  reduces  the  pressure  to  a  certain 
extent  and  maintains  it  uniform,  so  that  none  of  the  slight  variations 
in  the  mains  may  be  transmitted  to  the  motors.  From  the  regulator 
the  air  flows  through  the  meter  which  records  the  amount 
consumed ;  and  after  passing  through  a  heating  chamber  it  is 
delivered  direct  to  the  motor.  Engines  of  special  design  are 
employed  for  converting  the  power  of  the  compressed  air  into  useful 
work ;  they  vary  from  motors  adapted  for  driving  a  sewing  machine 
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up  to  engines  of  100  liorsc-iiowcr.  The  air  is  supplied  at  a  mean 
l^ressuro  of  from  45  to  70  lbs.  jK-r  square  inch,  and  at  the  rate  of  1*5 
centime  per  cubic  metre  reduced  to  atmospheric  pressure.  The 
purposes  for  which  the  compressed  air  is  used  may  bo  divided  into 
three  distinct  classes,  as  follows  : — first,  during  the  day,  for  the 
distribution  of  motive  power,  and  for  ventilation  and  cooling  &c. ; 
second,  at  night,  for  the  production  of  electricity  for  lighting ;  third, 
continuously  during  the  twenty-four  hours,  for  driving  the  pneumatic 
clocks.  The  first  service  lasts  for  about  ten  hours,  from  eight  in  the 
morning  till  six  in  the  evening ;  the  second  from  six  in  the  evening 
till  two  in  the  morning  in  summer,  and  in  winter  from  four  in  the 
afternoon  till  five  in  the  morning,  and  in  some  establishments  until 
daylight.  Thus,  although  the  conditions  of  supply  change 
considerably  during  each  day,  and  the  demand  upon  the  central 
station,  except  for  the  pneumatic  clocks,  is  very  variable,  the  work 
of  the  condensers  and  air-compressors  is  continuous,  and  the 
variations  and  requirements  are  sufficiently  regular  for  determining 
within  comparatively  narrow  limits  the  quantity  of  reserve  power  it 
is  necessary  to  provide. 

The  principal  uses  for  which  the  compressed-air  supply  has 
already  been  employed,  besides  driving  the  pneumatic  clocks,  include 
driving  pneumatic  motors  for  actuating  all  kinds  of  machinery, 
winding  up  the  printing  telegraph  instruments  in  the  Paris  post- 
offices,  shifting  wine  from  one  cask  to  another,  raising  water  from 
the  basement  to  the  top  of  a  house,  ringing  pneumatic  bells,  blowing 
whistles,  emptying  cesspools,  ventilating  ai^d  cooling  rooms,  working 
lifts,  shearing  metals,  cutting  stufis,  &c.  Additional  engines  and 
air- compressors  are  in  course  of  construction  for  a  further  extension 
of  the  works. 

COMPRESSED-AIR  MACHINERY 
AT  THE  EDEX   THEATRE. 

At  this  theatre,  situated  near  the  Grand  Opera  House,  a  very 
complete  set  of  compressed-air  machinery  has  been  fitted  up  for 
electric  lighting  and  many  other  purposes,  and  is  worked  by  the 
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Compressed-Air  Power  Supply.  Not  only  does  tlie  compressed  air 
drive  the  dynamos  wliicli  supply  the  current  for  lighting  the 
building  and  for  producing  optical  effects  on  the  stage,  but  it  also 
supplies  the  j^ower  for  many  remarkable  mechanical  stage-effects. 

VACUUM  POWER  SUPPLY. 

The  supply  of  power  by  vacuum,  as  carried  out  in  Paris  by 
MM.  Petit  and  Boudenoot,  consists  in  maintaining,  by  means  of 
exhausting  engines  working  at  the  central  station  at  41  Rue 
Beaubourg,  a  reduced  pressure  in  the  mains  to  the  amount  of  as  nearly 
as  possible  two-thirds  of  a  perfect  vacuum.  Service  pipes  from  the 
mains  pass  into  the  premises  of  the  users,  and  are  connected  with  the 
motors ;  and  work  is  thus  performed  by  the  difference^in  pressure 
between  the  atmosphere  and  the  vacuum  in  the  mains.  The 
exhausting  engines  do  not  exhaust  direct  from  the  mains,  but  from  a 
reservoir  serving  to  some  extent  as  a  regulator,  from  which  the 
mains  are  laid  either  under  the  streets  or  in  the  subways  ;  and  the 
motors  are  started  or  stopped  by  simply  opening  or  closing  a  valve 
on  the  service  pipe.  The  engines  at  the  central  station  were 
constructed  by  M.  Brasseur  of  Lille ;  and  the  motors  were  designed 
and  made  by  MM.  Sarallier  and  Pradel  of  Paris. 

There  are  three  exhausting  engines  of  about  90  horse-power  each ; 
one  of  them  is  independent,  while  the  other  two  can  be  coupled 
together.  The  steam  cylinder  is  13j  inches  diameter  and  42  inches 
stroke,  and  works  with  a  boiler  pressure  of  85  lbs.  per  square  inch. 
The  exhausting  cylinder  of  41  inches  diameter  is  in  the  same  line 
with  the  steam  cylinder,  both  pistons  being  on  the  same  rod. 
Pressure  regulators,  indicators,  and  counters,  record  continuously  the 
vacuum  in  the  mains,  and  the  revolutions  made  by  the  engines, 
whereby  a  check  is  obtained  upon  the  amount  of  power  supjilied. 

The  motors  driven  by  the  vacuum  are  made  in  three  sizes,  of 
^  horse-power,  1  horse-power,  and  1^  horse-power ;  the  last  seems  to 
be  the  maximum  that  can  be  worked  with  advantage,  and  where 
more  power  is  required  it  is  obtained  by  coupling  two  motors 
together.     Each  motor  comprises  four  principal  parts :  the  base,  the 
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cylinder,  the  piston,  andtlio  cylinder  cover  on  wLicli  arc  cast  brackets 
that  carry  tlic  crauk-sLaft.  The  base  is  divided  into  two  cLambcrs, 
one  of  wLicli  is  in  communication  with  the  exhausted  mains,  whilst 
the  other  is  open  to  the  atmosphere.  The  distribution  is  controlled 
in  the  ordinary  manner  by  a  slide-valve  worked  by  an  eccentric.  An 
ordinary  centrifugal  governor  acts  on  a  piston-valve,  which  controls 
the  quantity  of  atmospheric  air  admitted  to  the  valve-chest. 

In  order  to  secure  for  the  motors  furthest  from  the  central  station 
the  full  amount  of  power  intended,  it  is  necessary  that  a  uniform 
vacuum  should  be  maintained  at  the  ends  of  the  mains ;  and  for  this 
purpose  it  is  requisite  to  increase  the  vacuum  at  the  station  in  order 
to  compensate  for  the  losses  resulting  from  the  demands  of  the 
intervening  motors ;  and  the  exhausting  engines  have  accordingly 
to  be  driven  at  a  higher  speed.  It  has  been  ascertained  by  means  of 
experiment  what  degrees  of  vacuum  are  necessary  at  the  station  in 
order  that,  at  the  end  of  the  circuity  the  motors  shall  work  properly 
at  all  hours  of  the  day,  no  matter  what  variation  in  load  may  be 
thrown  upon  them  at  different  hours ;  these  variations  are  tolerably 
uniform  from  day  to  day,  and  are  classified  as  maximum,  great, 
average,  small,  and  minimum.  A  sector  graduated  in  accordance 
with  this  classification  carries  a  needle,  which  is  adjusted  in  the 
position  corresponding  at  the  moment  with  the  demand  upon  the 
exhausting  engines.  Another  needle  with  two  arms  is  actuated  by 
an  ordinary  vacuum  gauge;  as  long  as  the  vacuum  is  being 
maintained  properly,  the  adjustable  needle  occupies  a  position 
between  these  two  arms.  But  as  the  work  done  by  the  motors 
increases  or  diminishes  to  a  marked  degree,  one  or  other  of  the  arms 
of  the  needle  actuated  by  the  vacuum  gauge  comes  into  contact 
with  the  adjustable  needle,  and  the  contact  establishes  electrical 
communication  with  a  bell,  the  ringing  of  which  warns  the  attendant 
that  the  speed  of  the  exhausting  engine  must  be  altered.  The 
present  length  of  the  exhaust  mains  from  the  central  station  is  about 
a  thousand  yards.  In  addition  to  the  exhausting  engines  there  is 
also  at  the  station  a  small  electric-light  installation,  comprising  a 
horizontal  Corliss  engine  of  110  horse-power,  which  drives  two 
Gramme  dynamos  of  370  amperes  and  110  volts,  and  is  supplying 
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current   regularly  to  500  lamps ;   it  is  expected   tliat  before  long 
800  lamps  will  be  so  suj)plied. 


THE  SEWERS  OF  PARIS. 

Sewage  properly  so  called  is  not  as  yet  delivered  into  tbe 
sewers  of  Paris,  but  is  discharged  into  cesspools,  whence  it  is 
periodically  removed  and  dealt  with  separately.  The  liquid 
overflowing  from  some  of  these  cesspools,  and  the  greater  portion 
of  the  ordinary  rainfall,  and  all  the  domestic  and  commercial 
waste  water  of  the  city,  are  discharged  into  the  street  sewers, 
and  by  these  are  conducted  into  the  large  main  or  collecting 
sewers.  The  three  main  or  collecting  sewers  are  constructed 
along  the  lower  levels  of  the  city,  and  receive  the  natural  drainage 
as  well  as  the  contents  of  the  street  sewers.  The  first  is  on  the 
right  bank  of  the  Seine,  and  is  known  as  the  departmental 
collector ;  it  commences  at  the  point  of  intersection  between  the 
Rue  Oberkampf  and  the  Rue  Menilmontant  and  passes  under  the 
old  outside  boulevards.  Its  course  is  broken  by  three  bends,  by 
which  it  crosses  the  basin  of  La  Villette,  the  fortifications,  and  the 
Grande  Route  St.  Denis ;  and  it  falls  into  the  Seine  near  the  lie  St. 
Ouen.  The  sewage  dealt  with  by  this  collector  is  of  the  worst  kind, 
containing  as  it  does  the  impurities  from  the  slaughter-houses  and 
gas-works,  the  factories  of  La  Villette,  Montmartre,  &c.,  and  even 
the  overflow  from  the  Bondy  depot.  The  second  collector,  also  on 
the  right  bank  of  the  river,  commences  at  the  Arsenal  basin,  follows 
the  quays,  and  runs  under  the  Rue  Royale,  the  Boulevard  and  Rue 
Malesherbes,  and  the  Route  d'Asnieres ;  and  falls  into  the  Seine 
above  the  railway  bridge.  At  the  Place  du  Chatelet  it  is  enlarged 
to  receive  the  contents  of  the  collector  of  the  Boulevard  Sebastopol ; 
at  the  Place  de  la  Concorde  it  is  joined  by  the  sewer  of  the  Rue  de 
Rivoli ;  at  the  Place  de  la  Madeleine  it  absorbs  the  sewer  of  the 
Petits-Champs ;  and  at  the  junction  of  the  Boulevard  Malesherbes 
and  the  Rue  de  la  Pepiniere  it  receives  a  sewer  following  the  course 
of  the  brook  of  Menilmontant.  The  third  collector  is  the  only  one 
on  the  left  bank  of  the  Seine  :  at  its  commencement  it  absorbs  the 
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river  Bievrc  which  at  one  time  used  to  flow  into  the  Seine  above  the 
Pont  d'Austerlitz  ;  it  then  runs  behind  the  Jardin  des  Plantcs, 
towards  the  Boulevard  St.  Michel,  and  passes  along  the  quays  as  fur 
as  the  Pont  d'Alma ;  here  it  crosses  under  the  river  through  a 
double  syphon,  and  passing  under  the  height  of  Chaillot  and  the 
Avenue  Wagram,  crosses  the  village  of  Levallois-Perret,  and  joins 
the  second  collector  on  the  right  bank,  about  550  yards  above  the 
point  of  discharge.  Near  the  Pont  d'Alma  on  the  left  bank,  it 
receives  the  Mont  Parnassc  and  Grenclle  sewers ;  and  on  the  right 
bank  the  Auteuil  collector  fulls  into  it. 

The  second  of  the  three  main  or  collecting  sewers  is  the  one 
usually  shown  to  visitors,  who  are  conveyed  through  it  in  boats, 
propelled  by  large  shutters  or  vanes  which  are  let  down  into  the 
water  and  carried  forwards  by  the  current.  The  sewage  water  flows 
along  a  central  channel,  about  IH  feet  wide  and  7  feet  deep,  along 
each  side  of  which  runs  a  paved  path  about  3  feet  wide ;  and  the 
arch  overhead  rises  to  about  9j  feet  above  the  side  paths,  the  whole 
height  of  the  sewer  from  the  bottom  of  the  channel  to  the  crown  of 
the  arch  being  about  IGj  feet.  Visitors  are  also  conveyed  through 
the  sewers  of  the  Eue  de  Eivoli  and  of  the  Boulevard  de  Sebastopol 
in  wagons,  w^hich  are  likewise  propelled  by  vanes  let  down  into  the 
current.  In  these  sewers  the  central  channel  is  4  feet  wide,  and 
along  each  side  path  is  laid  a  rail,  the  pair  forming  the  track 
whereon  run  the  wagons,  bridging  over  the  central  channel  along 
which  the  water  flows.  The  sewers  are  lighted  throughout  wdth  oil 
and  electric  lamps,  and  are  well  ventilated  naturally,  so  that  there 
is  no  unpleasantness  in  going  through  them.  For  removing  any 
obstruction  in  the  channel,  the  vane  or  shutter  on  the  wagon  or 
boat,  which  is  just  smaller  than  the  section  of  the  channel,  is 
lowered  into  the  water,  thereby  causing  a  head  of  from  6  inches 
to  12  inches  to  accumulate  behind  it,  sufficient  for  removing  the 
obstruction.  A  similar  method  is  used  to  cleanse  the  syphon  under 
the  river  at  the  Pont  d'Alma,  by  means  of  a  ball  of  firwood,  about 
21  feet  diameter  or  6  inches  less  than  the  bore  of  the  syphon, 
through  which  it  is  carried  by  the  pressure  of  the  water  behind  it. 
About  700  men  are  employed  constantly  in  cleansing  the  sewers. 
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THE  EIFFEL  TOWER. 

The  Eiffel  Tower,  Plate  61,  consists  essentially  of  an  iron  pyramid 
composed  of  four  great  curved  columns,  independent  of  each  other, 
and  connected  together  only  by  belts  of  girders  at  the  different 
stories,  until  the  columns  unite  at  the  top  of  the  tower,  where  they 
are  connected  by  ordinary  bracing.  The  leading  principle  followed 
in  the  design  was  that  adopted  by  M.  Eiffel  in  all  his  lofty  structures, 
namely  to  give  the  corners  of  the  tower  such  a  curve  that  it  should 
be  capable  of  resisting  the  transverse  effects  of  wind  pressure 
without  necessitating  the  connection  of  the  members  forming  the 
corners  by  diagonal  bracing. 

The  actual  work  of  the  foundations  was  comrdenced  in  January 
1887  ;  but  a  great  number  of  borings  had  previously  been  made  on 
the  Champ  de  Mars,  which  revealed  the  existence  of  a  bed  of  hard 
compact  clay  52  feet  thick,  resting  on  a  chalk  substratum,  and 
capable  of  carrying  with  safety  a  load  of  from  three  to  four  tons  per 
square  foot.  The  bed  of  clay  dips  slightly  from  the  Ecole  Militaire 
towards  the  Seine,  and  underlies  a  deposit  of  compact  sand  and 
gravel,  which  affords  good  material  for  foundations.  At  the  two 
foundations  furthest  from  the  river  the  bed  of  gravel  is  about 
18  feet  thick ;  but  at  the  other  two  it  is  much  reduced  in  thickness, 
and  is  only  met  with  at  a  depth  of  16  feet  below  the  mean  water 
level  of  the  Seine,  being  overlaid  moreover  with  soft  and  permeable 
deposits,  and  in  these  cases  it  became  necessary  to  employ  caissons 
sunk  by  the  aid  of  compressed  air.  The  piers  are  numbered  1, 2,  3,  4, 
and  are  respectively  north,  east,  south,  west ;  the  east  and  south 
piers  are  the  two  furthest  from  the  river,  which  here  flows  from 
north-east  to  south-west.  At  these  two  piers  the  gravel  was  met  with 
at  a  depth  of  23  feet.  At  the  north  and  west  piers  the  sinking  was 
carried  through  the  thinner  gravel,  and  the  foundations  were  made 
on  the  underlying  bed  of  fine  sand.  Each  of  the  four  foundations 
consists  of  four  component  piers,  which  in  general  are  erected  on  a  mass 
of  concrete  32  feet  9  inches  long,  19  feet  8  inches  wide,  and  6  feet 
6  inches  thick.  For  one  component  pier  in  each  foundation  however 
the  concrete  is  -IG  feet  long  by  24  feet  wide,  being  prolonged  to  the 
centre  of  the  main  pier,  so  as  to  form  a  platform  for  the  elevator 


5G2  EUTJiL    TOWER.  JlLY  1889. 

machinery.  Eacli  component  pier  is  built  witli  one  face  vertical 
towards  the  centre  of  tlio  tower,  the  outer  corresponding  face  being 
inclined  at  the  same  angle  as  the  column  of  the  tower  ;  the  two  other 
faces  are  vertical  and  j)arallel,  and  the  top  has  been  made  at  right 
angles  to  the  outer  face  and  therefore  normal  to  the  springing  of  the 
column.  Two  bolts,  about  4  inches  diameter  and  4  feet  10  inches 
apart,  are  built  to  a  depth  of  20  feet  into  the  piers,  and  are  secured 
to  mooring  plates  8  inches  deep.  The  concrete  used  was  Boulogne 
cement ;  the  bedstones  on  the  tops  of  the  piers  are  from  the  quarries 
of  Chuteau-Landon,  and  have  a  crushing  strength  of  about  17,500  lbs. 
per  square  inch,  whilst  the  maximum  load  to  which  they  are  exposed 
does  not  exceed  427  lbs.  per  square  inch.  The  load  on  the  ground 
beneath  the  masonry  of  the  piers  is  from  3*0  to  3"4  tons  per  square 
foot.  The  centres  of  the  four  component  piers  of  each  foundation 
are  49  feet  2h  inches  apart,  and  the  four  foundations  form  a  square 
of  about  412  feet  side.  The  work  on  them  lasted  about  six  months, 
during  which  40,000  cubic  yards  of  earth  were  excavated,  and  16,000 
cubic  yards  of  masonry  completed. 

The  erection  of  the  lower  portion  of  the  columns  was  effected 
without  difficulty,  and  the  only  appliances  employed  were  derricks 
and  winches.  The  former,  though  72  feet  in  height,  were  of  the 
simj^lest  possible  construction  and  were  made  of  timber.  The  four 
standards,  placed  one  at  each  angle  of  the  four  columns,  measure  about 
31  inches  on  a  side,  and  were  delivered  on  the  ground  in  lengths 
weighing  from  two  to  three  tons ;  these  were  handled  by  means  of 
the  derricks,  and  were  bolted  one  upon  the  other  as  the  work 
advanced;  the  standards  were  connected  by  the  permanent  cross- 
bracing,  which  held  them  in  position  and  consolidated  the  structure. 
The  bolts  by  which  the  various  pieces  were  first  connected  together 
were  afterwards  replaced  by  rivets,  as  soon  as  it  was  ascertained 
that  the  different  parts  of  the  work  were  in  their  proper  places. 
When  a  height  of  50  feet  was  reached  however,  this  plan  had  to  be 
abandoned ;  and  for  the  remainder  of  the  work  to  the  summit  cranes 
were  employed  which  were  fastened  to  the  work  and  carried  up  as  it 
proceeded.  These  cranes  consisted  of  a  long  arm,  turning  on  a 
pivot,  and  mounted  on  a  frame  in  the  form  of  a  triangular  pyramid 
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upside  dowTi ;  tlie  pivot  supported  a  long  vertical  post,  to  wliicli  the 
crane  arm  was  hung  at  about  half  its  length ;  and  the  post  carried  a 
platform,  from  which  the  crane  was  worked ;  at  the  bottom  of  the 
frame  was  another  small  platform.  As  the  work  of  building  up  the 
columns  advanced,  there  was  erected  within  each  of  them  an  inclined 
path  following  the  same  angle  as  the  column,  and  consisting  of  two 
girders,  the  upper  flanges  of  which  were  intended  to  serve  as  a 
roadway  for  the  elevators ;  the  upper  flanges  of  these  girders  were 
pierced  with  a  series  of  holes  at  equal  distances  ajjart  to  allow  of  the 
crane  being  fixed  to  them  at  any  desired  height.  Similar  holes  were 
made  in  the  lower  framework  of  the  crane,  which  could  thus  be 
bolted  to  the  girders  and  held  securely  in  place.  As  soon  as  all  the 
pieces  within  range  of  the  crane  had  been  raised  and  riveted,  the 
crane  itself  was  moved  upwards :  a  strong  iron  cross-beam,  through 
the  centre  of  which  passed  a  screwed  bolt,  was  secured  at  its  ends  to 
the  two  elevator  girders  about  8  feet  above  the  crane  ;  the  bolt  which 
passed  through  the  hole  in  this  beam  was  attached  to  the  crane, 
and  its  nut  was  put  in  place  above  the  beam ;  the  fastenings  of  the 
crane  to  the  riveted  work  were  then  removed,  leaving  it  suspended 
by  the  screw  alone,  so  that  it  could  be  raised  to  its  new  position  by 
simply  rotating  the  nut  on  the  screw ;  after  which  the  crane  was 
again  secured,  and  the  cross-beam  removed.  Four  of  these  cranes 
were  used  up  to  a  height  of  380  feet,  but  beyond  this  two  only  were 
employed  on  a  somewhat  modified  plan.  Each  crane  weighed 
12  tons,  and  had  a  normal  working  load  of  about  2  tons.  "When 
98  feet  height  was  reached,  it  became  necessary  to  prevent  the 
inclined  columns  from  falling  over  by  their  own  weight.  For  this 
purpose  a  strong  scaffolding  100  feet  high  was  erected  on  timber 
piles,  driven  into  the  ground  to  prevent  settlement ;  by  these  the 
columns  were  supi)orted  on  their  inner  sides  through  the  intervention 
of  sand  boxes,  such  as  are  commonly  used  for  the  centres  of  arch 
bridges.  These  were  found  useful  for  allowing  the  different 
members  to  be  easily  adjusted  when  necessary.  Altogether  twelve 
stagings  were  erected,  20,000  cubic  feet  of  timber  being  employed  in 
their  construction  ;  this  however  was  all  the  scaffolding  required,  for 
as  soon   as    the  first  story  was  completed,  which  is  189  feet  above 
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the  ground,  the  four  columns  mutually  supported  one  another.  To 
facilitate  the  erection  of  tho  second  story,  a  circular  railroad  was 
laid  down  on  the  first  floor,  as  well  as  a  ten  horse-power  portable 
engine  working  a  crane,  from  which  the  chain  passed  through  a 
square  opening  in  the  centro  of  the  platform ;  and  the  ironwork 
when  delivered  on  the  ground  was  hoisted  by  this  crane  into  wagons 
on  tho  circular  railroad,  and  distributed  by  them  to  the  different 
columns,  into  which  it  was  raised  by  the  cranes  already  described. 
As  tho  work  advanced,  the  dimensions  of  the  iron  became  lighter  and 
the  progress  more  rapid,  A  height  of  380  feet  was  reached  on 
14  July  1888,  where  the  second  story  is  situated.  From  this 
point  two  cranes  only  could  be  used,  and  they  were  braced  firmly 
together,  so  as  to  form  in  a  manner  a  single  structure.  Tho 
time  required  to  raise  them  into  a  fresh  working  position  was 
forty-eight  hours ;  once  fixed,  no  further  change  of  position  was 
necessary  until  a  complete  panel  from  30  feet  to  40  feet  in 
height  had  been  erected.  In  addition  to  these  two  rising  cranes 
and  the  one  on  the  first  story,  another  was  erected  on  the  second 
story,  and  still  another  on  the  midway  platform  which  was 
constructed  when  a  height  of  643  feet  had  been  reached.  During 
all  stages  of  the  work  movable  platforms  were  employed  which 
could  be  placed  in  any  desired  position,  so  as  to  bring  the  riveters 
within  reach  of  their  work.  These  platforms  were  protected  by 
handrails  and  screens,  and  the  precautions  taken  were  such  that 
one  man  only  is  said  to  have  fallen  from  them  during  the  whole 
course  of  the  work. 

The  tower  terminates  at  a  height  of  906  feet  above  the  ground 
with  a  platform  about  53  feet  square ;  the  width  of  the  column  at 
this  level  is  33  feet,  the  gallery  being  carried  by  brackets  which 
project  sufficiently  to  afford  a  considerable  area  of  platform.  Above 
the  platform  rises  the  campanile,  in  the  lower  part  of  which  is  a 
spacious  and  well  equipped  laboratory,  intended  for  the  prosecution 
of  scientific  researches.  Four  arched  lattice  girders  rise  diagonally 
from  each  corner  of  the  tower,  and  unite  at  a  height  of  about  54  feet 
above  the  third  or  top  platform.  By  means  of  a  spiral  staircase,  yet 
another  small  gallery  is  reached,  about  19  feet  diameter,  surrounding 
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tlie  lantern  which  crowns  the  edifice  and  brings  the  total  height  of 
the  structure  to  984  feet.  Provision  is  made  for  protecting  the 
structure  from  lightning  by  cast-iron  pipes  19  inches  diameter, 
which  pass  through  the  water-bearing  strata  below  the  level  of  the 
Seine  to  a  depth  of  60  feet,  their  upper  ends  being  connected  with  the 
ironwork  of  the  tower.  The  total  weight  of  wrought  and  cast  iron 
used  in  the  structure  is  7,300  tons,  not  including  the  weight  of  the 
caissons  employed  in  the  foundations  nor  of  the  elevator  machinery. 
Iron,  and  not  steel,  was  used  in  the  construction  throughout. 

The  first  story,  which  has  an  area  of  38,000  square  feet,  is 
chiefly  occupied  by  restaurants.  The  second  floor,  with  a  surface  of 
15,000  square  feet,  is  surrounded  by  a  covered  gallery  8  feet  6  inches 
wide,  having  a  total  length  of  490  feet.  The  central  portion  of  this 
floor  is  occupied  by  the  elevator  service,  considerable  space  being 
necessary  to  provide  for  the  ascending  and  descendiug  traffic.  On 
the  top  platform  of  the  tower  there  is  a  large  hall  covered  in  on  all 
sides  with  glass,  from  which,  when  the  weather  is  favourable,  a 
magnificent  panorama  is  visible. 


ELECTEIC-LIGHT  WORKS. 

The  machinery  and  apparatus  manufactured  at  the  electric-light 
works  of  Messrs.  Sautter  Lemonnier  and  Co.,  26  Avenue  de  Suftren, 
Champs  de  Mars,  may  be  classed  under  three  heads,  namely  electrical, 
mechanical,  and  optical.  The  establishment  was  founded  in  1825  by 
the  optician  Soleil  for  the  manufacture  of  the  lighthouse  lenses  then 
recently  invented  by  Augustin  Fresnel.  In  1852  the  works 
passed  into  the  hands  of  the  present  proprietors,  by  whom  fifteen 
years  later  they  were  removed  to  their  present  site,  where  they  now 
occupy  nearly  two  acres. 

The  optical  department  includes  the  manufacture  of  lighthouse 
and  beacon  lights,  and  of  reflectors  and  lenses  of  different  kinds  for 
projecting  the  lights.  The  annular  prisms  of  glass  for  forming  the 
compound  lenses  are  received  in  the  rough  from  the  St.  Gobain  works, 
and  are  here  cut  to  exactly  their  calculated  dimensions.    The  flashing 
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electric-light  apparatus  on  the  top  of  the  Eiffel  tower  was  constructed 
here  ;  owing  to  its  height  and  power  it  has  a  greater  rauge  than  any 
lighthouse  hitherto  erected.  The  construction  of  glass  reflectors  for 
projecting  the  light  was  commenced  in  1859  on  Fresnel's  plan  of 
lenticular  reflectors ;  the  first  was  made  for  Prince  Napoleon's  yacht, 
the  "  Eeino  Hortense."  Ten  years  ago,  Colonel  jMangin's  powerful 
reflector  completely  superseded  the  lenticular  reflectors,  and  has 
now  been  officially  adopted  for  all  the  large  navies  ;  as  many  as 
1,500  have  already  been  made  at  these  works. 

In  the  mechanical  department  are  manufactured  windlasses  and 
elevators  with  Megy's  friction  clutches,  and  also  with  governors 
whereby  the  speed  is  prevented  from  exceeding  a  certain  limit ;  and 
with  a  handle  which  must  be  turned  right  and  left  for  lifting  and 
lowering  with  accuracy,  the  machine  stopping  automatically  as  soon 
as  the  handle  is  let  go.  By  means  of  these  appliances  either  singly 
or  in  combination,  all  danger  in  handling  heavy  loads  is  obviated. 
A  portable  casli-lifter  on  wheels  is  constructed  on  the  same  principle, 
for  loading  and  unloading  casks  on  drays,  and  storing  them  in  vaults 
or  piles. 

In  another  shop  are  constructed  high-speed  motors  for  driving 
dynamos,  including  Brotherhood's  three-cylinder  engine,  Megy's 
hydraulic  motor,  vertical  engines  simple  and  compound,  and  Parsons' 
compound  steam-turbine.  Also  multi-polar  dynamos,  including  a 
triple  compound  of  600  amperes  for  lighting  the  Eiffel  tower,  and 
bi-polar  dynamos  of  high  duty.  The  total  power  of  the  dynamos 
already  made  at  these  works  exceeds  17,000  electrical  horse-power. 
Fog-horns  are  also  made,  together  with  the  air-compressing 
machinery  for  working  them.  On  a  tower  erected  in  the  works, 
nearly  100  feet  high,  commanding  the  Exhibition,  the  Trocadero,  and 
the  Seine,  are  mounted  three  electric-light  projectors  of  the  kind 
used  as  search  lights  for  coast  defences. 

BON  MARC HE 
ELECTEIC  LIGHTING  AND  REPAIRING  SHOPS. 

The  Bon  Marche  drapery  store,  situated  at  the  corner  of  Rue  de 
Sevres  and  Rue  de  Bac,  has  grown  within  the  last  thirty-five  years 
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from  a  small  sliop  into  the  present  mammoth  bazaar.  For  the  artificial 
lighting  of  this  establishment  there  are  employed  267  arc  lights  of 
9  amperes,  92  Jabloehkoff  lights,  and  2,800  Swan  and  Edison  lamps. 
The  electricity  necessary  for  these  lights  and  for  driving  various 
electric  motors  is  generated  by  four  continuous-current  machines  of 
550  amperes  running  at  70  volts,  and  by  twenty-four  others  at  70  volts ; 
and  there  are  eight  alternating-current  machines  of  sixteen  lights 
each.  The  dynamos,  as  well  as  a  number  of  pumps  used  for  raising  and 
circulating  water  for  general  purposes,  such  as  for  working  hydraulic 
hoists  and  extinguishing  fires,  are  driven  by  four  150  HP.  engines, 
a  pair  of  horizontal  engines  of  200  HP.,  a  single  engine  of  100  HP., 
and  another  of  75  HP.  All  these  engines  are  of  the  Corliss  type, 
and  were  made  by  Messrs.  Lecouteaux  and  Garnier,  of  Paris.  Steam 
is  supplied  by  thirteen  Belleville  boilers.  The  dynamos  are  driven 
by  belts  and  shafting  in  the  usual  way ;  and  there  are  clutches  on 
the  shafting,  so  that  the  machines  can  be  driven  independently,  or  the 
■whole  can  be  connected  together.  On  account  of  the  nature  of  the 
soil,  it  was  necessary  that  the  large  room  or  cellar,  for  containing 
the  engines  and  boilers  more  lately  added,  should  be  constructed  so 
as  to  be  perfectly  water-tight ;  accordingly  the  walls  and  floor  are  of 
iron,  and  the  whole  is  riveted  together.  In  other  parts  of  the 
establishment  there  are  carpenters'  shops,  a  smithy,  and  a  small 
machine-shop  where  repairs  are  done  ;  also  painters'  and  plumbers' 
shops.  For  the  prevention  of  fire,  there  are  120  hydrants  and  80 
extincteurs  in  the  various  parts  of  the  building. 

ELECTRIC-LIGHTING  STATION 
AT  THE  PALAIS  EOYAL. 

The  central  electric-lighting  station  constructed  at  the  Palais 
Eoyal  by  the  Edison  Co.  is  situated  in  the  Cour  d'Honneur,  which 
separates  the  Conseil  d'Etat  from  the  Orleans  Gallery;  and  for 
various  reasons  it  was  decided  that  the  station  should  be  wholly 
below  the  ground  level,  so  that  the  court  is  not  interfered  with, 
excepting  by  the  spaces  necessary  for  lighting  and  ventilation. 
Excavations  were  carried  to  a  depth  of  20  feet  for  a  length  of 
105  feet  and  a  width  of  66  feet;  the  sides  of  this  rectangular  vault 
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wore  lined  by  retaining  walls,  and  the  ground  was  made  water-tight 
by  a  thick  floor  of  butou,  and  was  covered  in  with  brick  arches. 
A  glazed  lantern,  rising  about  6  feet  above  the  level  of  the  court, 
lights  the  centre  of  the  machine-room,  and  two  other  small  ones 
serve  as  ventilating  shafts.  These  have  been  railed  in  and  the  space 
around  them  i)lautod  witli  grass  and  trees,  so  as  to  avoid  any 
disfigurement  of  the  court.  A  tunnel  connects  this  station  with  a 
store  in  the  Eue  de  Yallois,  in  which  are  placed  water  reservoirs,  coal 
supplies,  &c. ;  a  large  flue  ruu  uing  in  the  same  direction  leads  oflf 
the  products  of  combustion  to  a  chimney  shaft  built  beside  one  of 
the  large  houses  in  the  same  street.  The  boilers,  motors,  and 
dynamo  are  placed  in  the  underground  station  in  the  Cour 
d'Honneur.  The  motors,  of  which  there  are  eight,  are  triple- 
expansion  compounds,  made  by  Weyher  and  Eichemond ;  they  are 
each  of  them  160  horse-i)ower,  and  are  driven  at  a  speed  of  160 
revolutions  per  minute.  The  boilers  are  of  the  Belleville  type  ;  they 
are  five  in  number,  and  are  worked  to  a  pressure  of  170  lbs.  per 
square  inch,  which  is  reduced  to  141  lbs.  in  the  high-pressure 
cylinders  of  the  engines.  The  water  is  obtained  from  the  Seine, 
from  the  Canal  de  I'Ourcq,  and  from  a  well  115  feet  deep;  and  is 
stored  in  three  large  reservoirs.  The  pumps  are  driven  by  two 
electric  motors,  furnished  with  current  from  the  central  station. 
The  dynamos,  of  which  there  are  eight,  are  of  the  Edison  type,  and 
are  mounted  on  rails  in  such  a  way  that  their  jjosition  can  be  fixed 
exactly  by  means  of  regulating  screws.  The  following  are  the 
leading  particulars  of  these  machines  :  power  125  volts  and  800 
amperes,  equal  to  100,000  watts ;  armature,  speed  350  revolutions 
per  minute,  outside  diameter  24*80  inches,  length  31 '50  inches, 
divisions  in  the  collector  40,  resistance  0*0054  ohm,  weight  of 
copi^er  418  lbs.;  magnets,  resistance  4*25  ohms,  maximum  exciting 
current  29*5  amperes,  weight  of  copper  627  lbs.;  electrical  eflficiency 
96*5  per  cent.  The  method  of  distribution  consists  of  three 
conductors,  fed  by  the  dynamos  coupled  in  series,  which  in  number 
are  equal  to  the  groups  of  lamps.  By  this  method,  a  considerable 
economy  in  the  weight  of  the  conductors  is  secured.  The  cables  are 
all  laid  under  grovmd,  and  supported  on  porcelain  insulators  :  the 
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total  length  of  conductors  is  over  6  miles.  AVherever  a  branch  lead 
is  taken  oif  to  a  house,  the  joint  is  enclosed  in  a  metallic  box  which 
contains  the  union  and  fusible  contacts.  This  box  is  kept  under  lock 
and  key,  and  any  individual  service  can  be  isolated  without  trouble. 
The  amount  of  lighting  supplied  from  this  station  comprises  at  the 
present  time  about  6,000  lamps. 

ELECTKIC   LIGHTING 
AT   THE   GEAND   OPERA  HOUSE. 

The  electric  lighting  machinery  is  placed  in  the  large  cellars 
beneath  the  front  steps  of  the  building.  It  comprises  five  Belleville 
boilers,  which  supply  steam  to  a  250  horse-power  Corliss  engine 
working  at  60  revolutions  per  minute,  a  100  horse-power  engine  by 
Armington  and  Sims  working  at  300  revolutions  per  minute,  and  five 
140  horse-power  comj)ound  condensing  engines  by  Weyher  and 
Richemond  working  at  160  revolutions  per  minute,  besides  two  20 
horse-power  engines  by  the  same  makers  for  driving  the  condensers. 
With  the  exception  of  the  two  last,  the  other  seven  engines  are  all 
employed  for  driving  dynamos  on  the  night  service.  For  the  'day 
service  alone  a  40  horse-power  portable  engine  by  Weyher  and 
Eichemond  is  employed,  working  at  85  revohitions  per  minute,  and 
supplied  with  steam  from  its  own  boiler.  The  total  power  provided 
thus  amounts  to  1,130  horse-power.  The  current-producing  machines 
comprise  fifteen  Edison  dynamos  for  general  lighting  purposes ;  one 
alternating-current  Gramme  dynamo  for  supplying  twenty-four 
Jablochkoff  candles ;  and  one  small  Edison  dynamo  employed  for 
working  a  centrifugal  pump  which  raises  water  from  a  well.  The 
number  of  incandescent  lights  in  regular  use  amounts  to  7,000. 


HYDEAULIC  MACHINEEY 
AT  ST.  LAZAEE  STATION,  WESTEEN  EAILWAY. 

St.  Lazare  Station  covers  an  area  of  27  acres,  and  is  laid  out 
upon  the  side  of  a  hill ;  it  extends  northwards  from  the  Eue  St. 
Lazare  to  the  Boulevard  des  Batignolles  with  a  rise  of  nearly  70  feet ; 
at  the  southern  end,  where  the  station  buildings  are  situated,  the 
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rails  are  nearly  18  feet  above  tlio  street  level,  whilst  at  the  northern 
end  the  railway  passes  through  a  tunnel  at  a  depth  of  nearly  52  feet 
below  the  street  level.  The  southern  half  of  the  ground,  forming 
the  space  between  the  Kue  St.  Lazare  and  the  Pont  de  I'Europe,  is 
occupied  by  the  passenger  station,  general  offices,  and  courtyards, 
and  the  Terminus  Hotel,  which  forms  the  frontage  to  the  Eue  St. 
Lazare.  The  fourteen  passenger  platforms,  of  which  six  are  for  main- 
line trains  and  eight  for  suburban  traffic,  all  start  from  one  main 
platform  extending  across  the  whole  width  of  the  station  ground, 
parallel  to  the  Eue  St.  Lazare.  North  of  the  Pont  de  I'Europe, 
under  which  all  the  lines  of  rails  pass,  the  ground  is  occupied  by 
three  coke  platforms,  each  furnished  with  a  hydraulic  crane,  and  by 
the  goods  station  and  sidings,  the  hydraulic  accumulators  and 
pumps,  and  the  electric-light  shop.  The  new  goods  station  was 
constructed  about  1884,  and  owing  to  the  rails  being  here  nearly  33 
feet  below  the  street,  it  is  made  in  two  stories,  the  upper  of  which 
is  at  the  level  of  the  street.  The  heavier  goods  received  in  the 
station  below  for  delivery  in  Paris,  or  at  the  street  level  above  for 
despatch  by  rail,  are  raised  or  lowered  by  two  hydraulic  wagon-lifts ; 
and  smaller  lifts  are  provided  for  lighter  articles.  At  the  tipper 
story  there  are  four  longitudinal  lines  of  rails,  connected  by  three 
transverse  lines,  with  a  turntable  at  each  crossing  ;  and  the  loaded 
wagons  are  shifted  by  means  of  hydraulic  capstans.  Between  the 
longitudinal  lines  of  rails  are  paved  roads,  platforms,  and  horse  and 
cattle  quays,  provided  with  weighing  machines,  hydraulic  cranes, 
capstans,  and  lifts,  so  that  loading  and  unloading  can  everywhere  be 
going  on  simultaneously.  The  accumulator  is  loaded  to  give  a 
pressure  of  745  lbs.  per  square  inch  at  the  upper  story,  and 
the  cranes  there  placed  can  lift  from  1^  to  5  tons.  The  exhaust 
water  is  returned  into  a  reservoir,  whence  it  is  pumped  back  into 
the  accumulators.  The  principal  hydraulic  work  consists  in  raising 
and  lowering  the  loaded  and  empty  wagons  from  one  platform  to  the 
other  ;  about  200  lifts  are  made  per  day,  and  the  maximum  rate  is 
40  wagons  per  hour.  Each  of  the  wagon  hoists  is  provided  with 
three  hydraulic  rams,  which  can  be  used  either  singly  or  two  at  a 
time,  or  all  together,  according  to  the  load  dealt  with. 
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At  the  end  of  a  number  of  the  local  lines  in  the  passenger  station 
is  a  turntable  mounted  on  a  traverser,  to  facilitate  transferring  the 
engine  from  the  front  end  to  the  tail  of  a  train  on  its  arrival.  The 
traverser  is  worked  by  two  horizontal  hydraulic  cylinders,  which 
by  means  of  chains  haul  it  across  from  the  iip  to  the  down  line, 
stopping  midway  for  the  engine  to  be  turned  end  for  end  on  the 
turntable,  which  is  done  by  means  of  a  chain  and  hydraulic  capstan. 

For  raising  and  lowering  the  hand-barrows  loaded  with  passenger 
luggage  between  the  level  of  the  courtyard  and  that  of  the  train 
platforms,  a  hydraulic  chain  elevator  has  recently  been  put  into  use. 
It  consists  of  three  inclined  planes,  round  each  of  which  passes  an 
endless  chain  driven  from  the  upper  pulley  at  a  speed  of  about  70 
feet  per  minute  by  two  pairs  of  small  hydraulic  engines.  The  chains 
are  provided  with  transverse  blocks  for  engaging  the  barrow  wheels, 
and  are  kept  constantly  moving  before  the  departure  and  after  the 
arrival  of  a  train ;  and  the  trucks  are  wheeled  one  after  another  on 
to  the  inclined  planes,  where  their  wheels  are  caught  by  the  blocks 
on  the  chains,  by  which  they  are  carried  up  to  the  train  platform. 
The  departing  traffic  is  raised  by  the  two  outer  of  the  three  inclines, 
while  the  arriving  luggage  is  lowered  by  the  middle  chain,  which  is 
driven  in  the  reverse  direction. 

The  hydraulic  power  station  is  at  Batignolles,  at  the  northern 
extremity  of  the  goods  station,  whence  are  laid  mains  communicating 
with  the  six  accumulators  which  are  placed  wherever  the  water  power 
is  made  use  of.  There  are  two  of  these  accumulators  at  Batignolles, 
which  regulate  the  pumping  machinery,  and  are  loaded  to  give  a 
pressure  of  745  lbs.  per  square  inch.  The  whole  of  the  hydraulic 
work  was  carried  out  by  the  Fives-Lille  Company,  under  the 
superintendence  of  the  engineers  of  the  Western  Eailway. 


PEIMAKY   BATTEKIES. 

The  works  of  MM.  Perreur-Lloyd,  situated  at  118  Eue  de 
Vaugirard,  are  devoted  to  the  manufacture  and  working  of  primary 
batteries  for  generating  electricity,  which  can  be  used  for  lighting, 
for  the  sujjply  of  motive  power,  or  for  electrolysis.     The  batteries 
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or  generators  arc  all  of  the  same  make,  eacli  consisting  of  a  trough 
constructed  of  any  material  that  will  resist  heat  and  uciJ  ;  lava,  of 
which  the  trough  can  be  made  in  a  single  piece,  has  been  found  the 
best,  although  the  troughs  are  sometimes  built  up  of  separate  plates 
joined  together. 

The  generator  consists  of  two  portions,  in  the  upper  of  which 
are  placed  the  electrodes,  while  the  lower  serves  as  a  reservoir 
of  the  battery  solution  ;  the  whole  is  divided  by  vertical  plates 
of  glass  into  a  number  of  compartments,  each  of  which  forms 
a  separate  element  of  the  generator.  The  elements  consist  of  flat 
porous  cells,  communicating  with  one  another,  in  which  are 
suspended  tapering  carbon  plates,  thickest  at  top ;  between  the 
cells  are  interposed  plates  of  iron,  copper,  or  some  other  metal, 
which  constitute  the  soluble  electrode.  The  lower  half  of  the  • 
vessel,  forming  the  reservoir  of  battery  solution,  communicates 
directly  with  the  upper  half  containing  the  electrodes  ;  and  these 
can  accordingly  be  brought  as  close  together  as  is  desired, 
while  yet  employing  a  much  larger  quantity  of  the  exciting 
solution  than  of  the  more  concentrated  depolarising  solution 
contained  within  the  porous  cells.  For  the  efficient  working  of  the 
apparatus  it  is  important  that  the  two  solutions  should  become 
exhausted  at  the  same  time,  whereby  the  manual  labour  of  emptying 
and  filling  is  diminished.  As  the  exciting  solution  in  the  spaces 
between  the  cells  becomes  neutralised,  it  becomes  also  more  dense 
and  sinks  to  the  bottom  of  the  vessel,  while  the  fresher  and  lighter 
portion  rises  and  so  maintains  a  uniform  action.  Above  the 
generators  are  placed  large  reservoirs,  in  which  the  exciting  and 
depolarising  solutions  are  prepared  ;  and  by  ,  means  of  j^ipes 
provided  with  stopcocks  the  generators  can  readily  be  emptied  and 
replenished.  Whenever  the  circuit  to  the  accumulators  is  closed, 
sulphates  or  chlorides  begin  to  be  formed  in  the  generators ;  and  the 
nitrous  vapours  given  off  are  condensed,  and  are  used  over  again 
when  the  solution  is  sufficiently  concentrated  to  serve  as  the 
depolarising  solution. 

Whilst  the  electric  current  is  being  generated  in  the  jjrimary 
batteries     and    stored    in    the    accumulators,    metallic     salts     of 
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considerable  commercial  value,  such  as  sulphates  and  chlorides  of 
copper,  iron,  zinc,  manganese,  nickel,  tin,  &c.,  are  being  formed 
in  the  generators  ;  these  salts  can  either  be  sold  or  be  used  in  the 
manufacture  of  other  more  remunerative  products.  The  particular 
salt  i^roduced  depends  upon  the  metal  which  constitutes  the  soluble 
electrode,  and  the  acid  used  as  the  exciting  solution ;  and  these  are 
therefore  selected  according  to  the  metallic  salt  that  is  most  in 
demand,  and  to  the  price  of  the  metal  and  acid  employed.  It  thus 
becomes  sometimes  profitable  even  to  work  the  generators  for  the 
sake  of  the  salt  obtained :  in  which  case  the  value  of  the  electricity 
stored  in  the  accumulators  may  be  accounted  as  extra  profit,  while 
the  electricity  itself  retires  into  the  rank  of  a  by-product. 

One  of  the  best  applications  of  these  batteries  is  to  the 
production  of  sulphate  of  copper,  which  is  obtained  very  easily, 
inasmuch  as  copper  dissolves  rapidly  in  a  solution  of  sulphuric  acid 
as  soon  as  ever  the  electric  current  is  passed  through  it.  The 
results  obtained  in  this  way  are  so  remarkable  that  sci'ap  brass  and 
other  impure  copper  can  be  thus  treated  so  as  to  yield  electrolytic 
copper  and  zinc.  Under  this  head  an  industry  of  considerable 
importance  has  already  been  developed. 


PORTABLE-RAILWAY    AND    ROLLING-STOCK    WORKS, 
PETIT-BOURG. 

The  railway  works  of  MM.  Decauville  at  Petit-Bourg  near  Corbeil 
21  miles  south  of  Paris,  are  situated  between  the  Seine  and  a. 
branch  of  the  Paris  Lyons  and  Mediterranean  Railway ;  they  thus 
have  the  advantage  of  water  carriage  on  the  one  hand  and  of  railway 
transit  on  the  other.  They  comprise  three  long  ranges  of  low 
buildings,  each  of  which  represents  a  separate  department :  in  one 
the  permanent  way  and  portable  way  are  made  ;  in  another  the  ironwork 
for  the  rolling-stock  is  prepared,  and  the  locomotives  are  built ;  the 
third  is  the  carriage  and  wagon  shop.  Between  these  two  latter  rows 
of  sheds,  and  connected  with  them  by  a  series  of  low-pitched  roofs,  is 
a  transept  running  nearly  the  whole  length  of  the  factory ;  this  covers 
a  railway  dock  which  communicates  direct  by  a  siding  with  the  railway 
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outside  tbo  works.  All  or  nearly  all  of  the  manufactured  products 
converge  to  tLis  dock,  and  are  there  loaded  into  trucks  for 
distribution  to  various  parts  of  the  world  ;  in  this  manner  about 
120  tons  of  railway  material  are  sent  out  of  the  works  daily. 
Throughout  the  works,  over  the  open  ground  and  within  the  covered 
sheds,  lines  of  Decauville  railway  extend  in  all  directions,  illustrating 
the  admirable  manner  in  which  this  narrow-gauge  portable  railway 
lends  itself  to  factory  use.  Twenty  acres  are  enclosed  within  the 
surrounding  fence  ;  the  length  of  the  factory  is  521  feet,  and  the 
width  of  the  two  buildings  connected  by  the  central  transej^t  is  also 
524  feet.  No  great  amount  of  power  is  required  to  drive  the 
machinery  at  the  works ;  probably  all  the  engines  in  use  do  not 
collectively  make  up  300  horse-power;  for  althougli  there  are 
540  machine-tools  of  all  kinds  constantly  at  work  with  950  workmen, 
only  some  of  them  are  heavy.  The  boilers  used  throughout  are  those 
of  MM.  Weyher  and  Eichemond  of  Paris ;  and  one  feature  of  the 
place  is  the  adoption  of  iron  chimneys  of  the  Creusot  model,  with 
cast-iron  base  and  100  feet  high. 

About  5,200  miles  of  permanent  way  and  portable  way  have  been 
turned  out  of  the  workshops  of  Petit-Bourg  ;  the  weights  adopted  for 
the  rails  are  9, 14, 19,  and  24  lbs.  per  yard,  according  to  the  purpose  for 
which  the  line  is  intended.  The  lengths  to  w^hich  this  permanent  way  is 
made  uj)  range  from  4  feet  1  inch  to  IG  feet  4  inches,  varying  with 
the  different  requirements.  The  lightest  sections  are  manufactured 
specially  for  agricultural  purposes,  for  shop  yards,  and  for  certain 
classes  of  earthworks ;  loads  as  great  as  half  a  ton  per  axle  can  be 
safely  carried  upon  the  9-lb.  rails.  A  section  similar  to  that  of  the 
ordinary  flat-footed  rail  is  adopted,  excepting  that  the  foot  is 
somewhat  exaggerated  in  size  for  the  purpose  of  riveting  on  the 
sleepers.  The  weight  of  the  built-up  sections  of  permanent  way  is 
so  small  that  one  man  can  easily  handle  a  length  of  the  lighter 
kinds,  while  the  heavier  require  two  men  for  the  transport  of  a 
complete  length.  The  width  of  the  gauge  varies  from  40  centimetres 
(15*75  inches)  to  75  centimetres  (29*53  inches);  that  most  usually 
made  is  GO  centimetres,  or  nearly  2  feet,  with  rails  weighing  14  lbs. 
jiev  yard,  and  in  lengths  of  IG  feet  4  inches ;  such  lengths  weigh  less 
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tlian  200  lbs.,  and  can  easily  be  carried  by  two  men.  The  sleepers 
now  adopted  for  passenger  and  goods  traffic  as  well  as  for  heavy 
cannon  are  made  of  steel  4-9  inches  wide  and  0*2  inch  thick, 
turned  over  at  the  edges  to  a  total  depth  of  1-14  inch;  the 
ends  are  turned  over  to  the  same  depth  and  rounded.  This 
form  of  sleeper  combines  considerable  strength  with  lightness, 
and  the  closed  ends  prevent  the  ballast  from  spreading,  when  they 
are  properly  laid ;  sis  or  eight  such  sleepers  are  riveted  to 
each  16  feet  length  of  permanent  way.  The  successive  lengths 
are  joined  together  by  fish-plates  and  sole-plates ;  one  end  of  each 
rail  in  a  length  has  a  pair  of  fish-plates  riveted  to  it,  and  projecting 
so  as  to  clip  the  end  of  the  rail  in  the  adjoining  section,  to  the 
underside  of  which  the  sole-plate  is  fixed.  By  this  arrangement  the 
sections  can  be  turned  end  for  end  without  interfering  with  the 
mode  of  joining  them  together.  The  construction  of  the  portable 
railway  and  of  the  various  classes  of  rolling  stock  to  run  upon  it 
was  fully  described  in  M.  Decauville's  paper  to  this  Institution  in 
May  1884  (Proceedings,  page  126). 

A  considerable  number  of  sets  of  machines  are  necessary  to  turn 
out  the  large  amount  of  work  produced.  The  steel  rails  are  first  cut  to 
accurate  lengths  by  cold  saws,  two  of  which  are  mounted  in  the  same 
frame,  so  that  both  ends  can  be  trimmed  simultaneously ;  the  work 
of  punching  the  holes  in  the  foot  or  flange  follows ;  and  lengths 
required  for  curves  are  passed  through  ordinary  bending  rolls. 
The  sleepers  are  made  by  stamping ;  the  heavier  have  their  edges 
turned  over,  and  their  ends  afterwards  formed  under  an  inclined 
steam-hammer.  Multiple  drilling  machines  are  employed  for  forming 
the  holes  in  the  sleepers,  as  well  as  in  the  rails ;  and  multiple 
riveting  machines  are  also  used  for  securely  fixing  the  different  parts 
together.  Great  care  is  taken  to  ensure  accuracy  of  workmanship ; 
a  very  slight  degree  of  inaccuracy  is  sufficient  to  cause  the  rejection 
of  the  work  by  the  shop  inspectors.  After  the  lengths  are  completed 
— either  for  the  ordinary  way,  for  curves,  or  for  crossings — they  are 
brought  to  the  painting  machines,  which  are  ingeniously  constructed 
to  cover  the  whole  of  the  surfaces  with  a  coat  of  red  lead.  The 
paint  is  led  from  a  reservoir  through  a  series  of  ducts  to  different 
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sets  of  brushes,  vertical,  horizontal,  and  inclined,  which  are  caused 
to  oscillate  rapidly  by  means  of  cams,  and  so  to  distribute  the  paint 
in  profusion  over  the  ironwork.  To  the  brushes  succeed  a  number 
of  revolving  wipers  that  take  off  the  superfluous  paint,  which  falls 
into  a  trough  below.  After  passing  through  this  machine  the  lengths 
are  stacked,  and  when  dry  are  ready  for  transport. 

More  than  a  hundred  diifercnt  kinds  of  wagons  are  constructed 
for  various  purposes.  Interchangeability  has  been  so  carefully 
carried  out  that  in  spite  of  the  great  variety  many  of  the  constructive 
details  are  similar  in  each  form  of  wagon.  Passenger  rolling-stock 
is  made  to  a  smaller  extent,  though  large  quantities  are  actually 
turned  out  yearly. 

The  standard  make  adopted  for  locomotives  is  compound,  on  the 
Mallet  system.  These  engines  can  run  round  curves  of  66  feet 
radius ;  and  can  take  a  load  of  17  tons  up  a  gradient  of  8  per  cent,  or 
1  in  13  ;  on  a  straight  level  they  can  haul  280  tons.  The  weight 
of  the  engine  in  working  order  is  12  tons,  the  boiler  pressure 
is  180  lbs.  per  square  inch,  and  the  power  developed  is  85  horse- 
power. The  Decauville  Railway  at  the  Exhibition  is  worked  by 
seven  of  these  locomotives. 

With  one  exception  nothing  but  portable-railway  material  or 
narrow-gauge  permanent-way  is  produced  at  Petit-Bourg ;  this 
exception  consists  of  the  portable  bridges  designed  by  M.  Eiffel, 
of  which  a  large  number  have  been  constracted  at  Petit-Bourg  since 
1884.  Seven  different  elementary  forms  are  all  that  are  required  in 
the  construction  of  these  bridges,  and  as  the  heaviest  piece  weighs 
only  300  lbs.  they  are  easily  transported ;  they  are  designed  for  a 
maximum  span  of  about  70  feet,  and  to  carry  a  total  distributed  load 
of  16  tons;  as  the  various  elements  are  all  interchangeable,  the 
work  of  erection  is  simple  and  rapid. 


CALAIS  NEW  HARBOUE  WORKS  (Plate  113). 
In    1875  the   total  shipping  entering  and  leaving  the  port  of 
Calais  was  only  840,000  tons,  the  net  weight  of  freight  imported  and 
exported  not  exceeding  215,000  tons.    Despite  the  natural  advantages 
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of  locality  with  regard  to  England,  it  was  impossible  to  anticipate 
any  large  increase  in  traffic  until  tlie  laarboiir  accommodation  could 
be  greatly  improved ;  the  mail  service  between  Dover  and  Calais  was 
the  only  one  which  could  be  run  at  fixed  hours,  and  to  do  this  the 
boats  were  of  necessity  small  and  inconvenient,  while  even  with  the 
greatest  precautions  difficulties  often  arose  in  crossing  the  bar, 
especially  after  a  succession  of  easterly  winds.  The  construction  of 
the  works  which  are  now  practically  completed  has  wholly  changed 
the  condition  of  the  port.  By  the  combined  action  of  dredging  and 
sluicing,  a  minimum  depth  of  10  feet  at  the  lowest  tides  has  been 
obtained,  corresponding  to  a  depth  of  36  feet  at  high  water ;  the 
same  depth  is  maintained  by  similar  means  in  the  inner  channel 
between  the  jetties.  This  channel  is  to  be  enlarged  by  shifting  the 
eastern  jetty,  and  the  western  one  will  be  extended  in  the  future. 

The  sluicing  reservoir  has  now  an  area  of  220  acres  at  ordinary 
high  tides ;  it  has  been  excavated  to  a  mean  depth  of  16  feet  above 
datum,  excej)ting  in  the  centre,  where  a  deeper  channel  has  been 
made  as  far  as  the  sluicing  lock.  The  volume  of  water  that  can  be 
stored  at  high  tide  is  about  56,000,000  cubic  feet,  and  this  quantity 
can  be  discharged  through  the  sluicing  gates  with  a  fall  varying 
from  20  feet  to  13  feet,  during  about  three-quarters  of  an  hour  at 
each  tide.  The  sluicing  lock  is  made  with  five  openings,  each 
19  feet  8  inches  wide,  separated  from  one  another  by  piers  11^  feet 
thick,  and  closed  by  balance  gates  turning  round  central  vertical 
axes;  the  sill  of  the  openings  is  laid  at  low- water  level.  The 
sluicing  water  is  directed  chiefly  upon  the  lower  part  of  the  inner 
channel  where  a  great  deal  of  sand  is  deposited,  and  where  dredging 
is  difficult ;  the  sand  is  thereby  carried  down  to  the  bar,  where  it 
can  be  easily  dealt  with  by  the  dredgers. 

The  new  outer  basin  has  an  area  of  about  16  acres;  its  outlet 
faces  north-west,  and  it  is  enclosed  by  the  north-eastern  and  south- 
western quays,  and  at  its  south-eastern  end  by  the  entrance  locks  of 
the  floating  basin.  The  average  width  of  the  outer  basin  is  525  feet, 
and  its  depth  is  11  feet  below  datum,  excepting  at  the  foot  of  the 
south-western  quay,  where  a  channel  23  feet  deep  has  been  cut  to 
allow  deep-draught  vessels  to  lie  alongside.     This  quay,  which  is 
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about  800  feet  in  length,  and  on  wbicli  warehouses  are  built  and  rails 
laid,  is  specially  intended  for  the  service  of  transatlantic  steamers 
that  are  able  to  load  or  unload  at  Calais  during  one  tide  without  the 
necessity  of  entering  the  floating  basin.  On  the  north-eastern  quay 
is  built  the  terminal  station  of  the  Northern  Railway ;  this  quay  is 
intended  specially  for  the  steam-boats  between  England  and  France. 
Its  length  is  1,870  feet,  and  there  is  13  feet  depth  of  water  alongside 
at  low  tide ;  four  groups  of  landing  stages  are  provided,  so  that  four 
Channel  steamers  can  load  or  unload  simultaneously. 

Communication  between  the  outer  port  and  the  floating  basin  is 
oflfected  through  two  locks  of  equal  length  but  unequal  width.  The 
wider  has  a  clear  width  of  68  feet  10  inches,  and  the  level  of  the 
lowest  part  of  the  invert  is  69  inches  below  the  French  marine-chart 
datum.  Gate  chambers  are  formed  in  the  masonry  to  receive  one 
pair  of  gates  at  the  upper  end  of  the  lock,  two  pairs  of  gates  at  the 
lower  end,  and  one  pair  in  the  middle ;  the  first  pair  serve  as  flood 
gates,  and  the  other  three  pairs  as  ebb  gates.  The  gates  are  so 
placed  as  to  give  a  maximum  clear  length  in  the  lock  of  436  feet. 
The  narrower  lock  is  45  feet  11  inches  in  width,  and  is  also 
provided  with  four  pairs  of  gates,  which  are  so  arranged  as  to  give 
a  maximum  clear  length  of  449  feet;  this  length  can  be  divided 
into  two  unequal  lengths  by  means  of  the  intermediate  gates. 

The  lock  gates,  constructed  by  MM.  Cail  and  Co.,  are  about 
32  feet  high  and  43  inches  thick  for  the  flood  gates,  and  51  inches 
thick  for  the  ebb  gates ;  they  are  framed  in  iron,  the  principal 
members  being  eight  horizontal  girders  placed  about  52  inches 
apart,  and  connected  to  vertical  frames  at  the  ends  as  well  as  to  four 
intermediate  standards.  The  air-chambers  in  these  gates  extend 
from  the  bottom  to  the  level  of  the  sixth  horizontal  girder.  The 
total  weight  of  each  wing  of  the  pair  of  gates  is  85  tons  for  the 
wider  lock,  and  50^  tons  for  the  narrower. 

Four  turning  bridges  are  constructed  across  these  locks  to  provide 
for  the  public  traffic,  two  at  the  lower  end  and  two  at  the  upper ;  all 
are  similar  in  construction,  differing  only  in  length,  which  for  the 
wider  of  the  two  locks  is  159  feet,  divided  into  a  span  of  92  feet,  and 
a  counterbalance  of  67  feet ;  the  length  of  the  smaller  bridges  is 


July  1889.  CALAIS   HAKBOUR   WORKS.  579 

117  feet,  clivicled  into  a  span  of  69  feet,  and  a  counterbalance  of 
48  feet.  The  two  main  girders  of  the  bridges  for  the  wider  lock  are 
placed  17  feet  apart  from  centre  to  centre ;  and  outside  each  is  a 
footpath  4  feet  wide,  carried  on  angle-iron  and  plate  brackets  which 
are  riveted  to  the  main  girders.  The  underside  of  the  main  girder 
is  horizontal,  and  the  upper  flange  is  curved  so  that  the  depth  is 
reduced  from  llf  feet  in  the  centre  to  9  feet  at  the  ends.  When 
the  bridges  are  in  place  for  public  traffic  they  are  supported  upon 
the  centre  pivot  and  by  three  bearings  at  the  ends,  which  are  arranged 
so  as  to  lock  the  girders  and  keep  them  in  position ;  but  when  they 
are  opened  the  locking  bearings  at  the  ends  are  withdi-awn,  and  the 
bridge  is  then  supported  on  the  pivot  and  on  rollers  placed  beneath 
the  end  of  the  counterbalance.  The  weights  are  so  adjusted  that 
each  roller  has  to  carry  a  maximum  load  of  only  five  tons.  The 
total  weight  of  each  of  the  larger  bridges  is  265  tons,  including  a 
counterweight  of  45  tons  added  to  the  counterbalance ;  the  weight  of 
each  of  the  smaller  is  190  tons,  including  a  counterweight  of  30 
tons. 

The  area  of  the  floating  basin  is  nearly  30  acres,  including  the 
small  basin  which  forms  its  inner  end.  Its  width  is  557  feet  near 
the  entrance  and  393  feet  at  the  inner  end ;  the  width  of  the  small 
basin  is  229  feet ;  the  depth  is  about  20  inches  below  the  lock  sills. 
The  total  length  of  quays  around  this  basin  is  4,820  feet,  and  around 
the  inner  basin  1,150  feet.  The  width  of  the  western  quay  is 
328  feet,  and  of  the  eastern  459  feet ;  sheds  and  warehouses  have 
been  constructed  on  these  areas,  and  all  the  quays  are  laid  with  lines 
communicating  with  the  Northern  Railway.  At  the  inner  end  of 
the  floating  basin  is  a  graving  dock,  which  can  accommodate  vessels 
up  to  a  length  of  495  feet,  and  of  any  tonnage  likely  to  enter  the 
port ;  its  width  was  determined  upon  with  a  view  to  receiving  the 
largest  paddle-wheel  steamers  likely  to  be  employed  on  the  Channel 
service.  The  pumping  machinery  is  capable  of  emptying  the  dock 
in  less  than  three  hours  under  the  most  unfavourable  conditions. 

The  basin  intended  for  the  service  of  inland  navigation  has  an 
area  of  about  10  acres,  and  about  5,248  feet  length  of  quay  wall. 
It  is  connected  with  the  new  floating  basin  by  two  locks,  and  at  the 
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other  end  with  the  Citadel  lock,  the  old  port,  and  the  Pierrettes  and 
Calais  canals.  The  Marck  canal  has  been  diverted  in  such  a  way 
that  it  can  be  discharged  into  the  outer  harbour.  The  Calais  canal 
has  also  been  improved,  its  course  having  been  straightened  and  its 
depth  and  width  increased,  so  that  at  present  it  can  pass  vessels  as 
large  as  400  tons,  which  is  the  heaviest  tonnage  that  can  bo 
accommodated  by  the  waterways  in  the  north  of  France  and  between 
Belgium  and  Paris. 

Hydraulic  macliinery  is  employed  for  all  purposes  where  power 
is  required,  such  as  working  the  sluices,  lock  gates,  bridges,  capstans, 
&c. ;  the  power  is  distributed  from  a  central  station  H,  Plate  113,  on 
the  north  side  of  the  locks  between  the  outer  harbour  and  the  floating 
basin.      The  sluices,  which  are  of  hard  wood  sliding  in  polished 
grooves  cut  in  the  granite  facing  of  the  adjoining  walls,  are  raised 
and  lowered  by  the  direct  action  of  an  ordinary  vertical  hydraulic 
jiress  with  differential  piston.     The  lock  gates  are  opened  or  closed 
by  hydraulic  presses  and  tackle ;  two  presses  for  each  leaf  of  a  gate 
are  placed  side  by  side,  one  for  opening  and  the  other  for  closing  the 
gates.     The  controlling  valve,  worked  by  a  hand-lever,  is  so  arranged 
as  to  form  a  communication  at  the  same  time  between  one  of  the 
cylinders  and  the  pressure  main,  and  between  the  other  cylinder  and 
the  exhaust  main  ;  and  the  arrangement  of  the  admission  and  exhaust 
ports  is  such  that  it  is  possible  to  vary  at  pleasure   the  relation 
between  the  tension  on  the  acting  chain,  and  the  resistance  offered 
by  the  tail  chain.     A  small  auxiliary  press  placed  at  the  end  of  the 
closing  cylinder  forces  the  closing  piston  to  the  bottom  of  its  stroke 
after  the  process  of  opening   the   gate,  in   order   to   pay  out  the 
remaining  slack  of  the  closing  chain,  so  that  it  may  sink  to  the 
bottom  and   let  vessels   pass   over   it.      By   this   arrangement   the 
opening  and  closing  of  the  gates  can  be  effected  very  rapidly  by  one 
person.     The  machinery  for  working  the  turning  bridges  comprises 
the  pivot  and  its  connections,  the  tilting  presses,  and  the  locking 
apparatus.     The  pivot  turns  within  a  cast-iron  hydraulic  cylinder 
filled  with  glycerine,  which  is  maintained  at  a  pressure  of  710  lbs. 
per  square  inch.     The  tilting  presses  act  direct  by  vertical  plungers. 
The    presses    for     turning    the    bridge    haul    chains    passing    in 
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opposite  directions  round  a  cast-iron  drum  placed  underneath  the 
girder. 

Four  capstans  to  haul  one  ton  each  are  placed  along  each  of  the 
outer  sides  of  the  lock ;  three  others  of  five  tons  and  two  of  one  ton 
are  fixed  upon  the  central  wall  dividing  the  locks.  They  are 
employed  for  handling  the  vessels  passing  through,  and  are  driven 
by  small  three-cylinder  hydraulic  engines ;  but  they  can  be  worked 
by  hand  in  case  of  necessity,  and  can  also  be  utilized  either  for 
opening  the  lock  gates  or  for  turning  the  bridges.  The  central 
hydraulic  station  which  supplies  the  water  under  pressure  for  the 
whole  of  the  machinery  comprises  two  groups  of  pumps,  each  driven 
by  a  50  horse-power  engine,  and  two  accumulators.  This  part  of 
the  work  was  designed  by  M.  Barret,  engineer  of  the  Marseilles 
Docks,  and  carried  out  by  the  Fives-Lille  Company.  The  designs 
for  the  new  harbour  works  were  prepared  under  the  direction  of 
MM.  Stoecklin,  Plocq,  and  Guillain,  engineers-in-chief  of  the 
maritime  works  of  the  Pas  de  Calais,  by  M.  Vetillart,  engineer  of 
the  port  of  Calais  ;  and  have  been  carried  out  under  the  successive 
supervision  of  these  four  gentlemen  as  engineers-in-chief,  and  of 
MM.  Vetillart  and  Chargueraud  as  resident  engineers. 
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BINDING     OF.    PROCEEDINGS. 

In  compliance  with  a  desire  expressed  by  some  of  the 
Members  that  there  should  be  a  convenient  arrangement  for  the 
uniform  binding  of  the  Institution  Proceedings,  the  Council  have 
selected  a  suitable  dark  cloth  Cover  with  gilt  lettering  for  the 
yearly  volumes ;  and  have  arranged  that  any  Member  sending  his 
numbers  of  the  Proceedings  direct  to  the  binders  (not  to  the 
Institution)  can  have  them  so  bound  in  their  yearly  volumes  at 
the  cost  of  fifteen  pence  per  volume,  exclusive  of  carriage  or 
postage  to  and  fro. 

Members  wishing  to  avail  themselves  of  this  arrangement  are 
requested  to  forward  their  several  parts  of  the  Proceedings 
(carriage  prepaid)  direct  to  the  hinders,  Messrs.  William  Clowes 
&  Sons,  Duke  Street,  Stamford  Street,  London,  S.E. ;  and  to 
state  the  address  to  which  the  bound  volumes  are  to  be  returned. 

Any  Member,  giving  due  notice  to  the  Secretary  before  the 
issue  of  the  first  part  of  any  year's  volume,  may  have  the  several 
parts  of  the  Proceedings  for  that  and  subsequent  years  retained 
for  him  at  the  Institution,  and  forwarded  annually  in  a  single 
volume  bound  as  above  at  his  expense. 
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PEOCEEDINaS. 


October  1889. 


The  Autumn  Meeting  of  the  Institution  was  held  in  the  rooms 
of  the  Institution  of  Civil  Engineers,  London,  on  Wednesday, 
30th  October  1889,  at  Half-past  Seven  o'clock  p.m. ;  Charles 
Cochrane,  Esq.,  President,  in  the  chair. 

The  Minutes  of  the  previous  Meeting  were  read,  approved,  and 
signed  by  the  President. 

The  President  announced  that,  in  connection  with  the  recent 
Summer  Meeting  in  Paris,  the  Council  had  nominated  as  an  Honorary 
Life  Member  of  the  Institution  M.  Gustave  Eiffel,  President  of  the 
Societe  des  Ingenieurs  Civils,  in  acknowledgment  of  all  that  had 
been  done  by  the  Society  under  his  auspices  for  ensuring  the  success 
of  the  Paris  Meeting,  and  also  in  recognition  of  his  eminent  position 
in  the  engineering  profession,  and  of  the  world-wide  celebrity 
attaching  to  his  works. 

The  President  announced  that  the  Council  had  resolved,  in 
connection  with  the  Summer  Meeting  in  Paris,  that  a  Recording 
Barometer,  bearing  a  suitable  inscription,  be  presented  by  the 
Institution  to  Mr.  Henry  Chapman,  in  testimony  of  their  grateful 
appreciation  of  his  renewed  kindness  in  again  giving  his  valued  aid 
and  experience  as  Honorary  Secretary  for  the  recent  third  successful 
Summer  Meeting  of  the  Institution  in  Paris,  having  obligingly  acted 
in  the  same  capacity  for  the  two  previous  Paris  Meetings  in  1867 
and- 1878. 
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Oct.  1889. 


The  Council  had  further  resolved  that  the  cordial  Thanks  of 
the  Institution,  engrossed  upon  vellum  and  framed,  be  presented  to 
M.  Henri  Vaslin,  in  recognition  of  the  energetic  and  obliging 
manner  in  which  he  had  shared  in  maturing  and  carrying  out  the 
various  arrangements  for  the  Paris  Meeting,  whereby  the  success  of 
tlie  Meeting  had  been  ensured,  and  the  enjoyment  of  the  Members 
enhanced. 

The  Council  had  also  presented,  on  behalf  of  the  Institution,  a 
Kodak  Camera  to  M.  Armand  de  Dax,  the  Agent  General  of  the  Societ«3 
des  Ingenieurs  Civils,  as  a  memento  of  his  obliging  exertions  in  that 
capacity  for  the  advantage  of  the  Members  at  the  Paris  Meeting. 


The  President  announced  that  the  Ballot  Lists  for  the  election 
of  New  Members,  Associates,  and  Graduates,  had  been  opened  by  a 
committee  of  the  Council,  and  that  the  following  forty  candidates 
were  found  to  be  duly  elected  : — 

MEMBEES. 

Alexander  Atkinson, 
EoBERT  Bruce, 


William  Newby  Colam, 
Frederick  James  Cribb, 
James  Egbert  Dalgarno, 
George  Henry  Hawkins  Emett, 
George  Wilson  Heath, 
George  Herbert  Hodgson, 
Thomas  Harry  Houghton, 
Charles  Lafayette  Hunter, 
William  Jackson, 
Eeginald  William  James,   . 
George  Jessop, 
Frank  Eugene  Kirby, 
Henry  Meredith  Leaf, 
William  Snell  Tandy  Magee, 
David  John  Morgan, 
Evan  Henry  Parry,  . 


Kashmir. 

Londou. 

Edinburgh. 

Gainsborough. 

Aberdeen. 

Dewsbury. 

London. 

Bradford. 

London. 

Cardiff. 

Aberdeen. 

London. 

Leicester. 

Detroit,  U.S. 

London. 

Melbourne. 

Cardiff. 

Swansea. 
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Enrico  Eiva,     . 

NiSBET  Sinclair, 
John  Dann  Smelt, 
Dare  Arthur  Stuart-Hartland, 
James  Donnithorne  Thomas, 
Egbert  McNidar  Thomson, 
William  Walton  Williams,  Jun 
Alfred  Fernandez  Yarrow, 
David  Young,   . 

associates 
Frederick  George  Castle, 
John  George  Chamberlain, 

graduates 
John  Ashford, 
Arthur  Selwxn  Brown, 
John  Carlos  Calastreme,  . 
Gilbert  Harwood  Harrison,  Lieut 
Egbert  Francis  Hat  ward, 
Arthur  Fayrer  Hosken,  . 
Geoffrey  Howard,  . 
Frank  Theodore  Marshall, 
Harold  Lincoln  Tangye,  . 
GwiLTM  Alexander  Treharne, 
Howard  Theophilus  Wright, 


E.E., 


Florence. 

Glasgow. 

London. 

Calcutta. 

London. 

Kobe,  Japan. 

Buenos  Aires. 

London. 

London. 

London. 
Tipton. 

Birmingham. 

Sydney. 

Glasgow. 

Woolwich. 

Chelmsford. 

Brighton. 

Bedford. 

Newcastle-on-Tyne. 

Birmingham. 

Pontypridd. 

London. 


The  President  announced  that,  in  accordance  with  the  Eules  of 
the  Institution,  the  President,  two  Vice-Presidents,  and  five  Members 
of  Council,  would  retire  at  the  ensuing  Annual  General  Meeting ; 
and  the  list  of  those  retiring  was  as  follows : — 


Charles  Cochrane, 

Daniel  Adamson, 
Sir  James  Eamsden, 


president. 


vice-presidents. 


Stourbridge. 

Manchester. 
Barrow-in-Furness. 
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MEMBERS    OF    COUNCIL. 

Sir  Douglas  Galton,  K.C.B.,D.C.L.,F.R.S.,  London. 
John  Hopkinson,  Jun.,  D.Sc,  F.R.S.,       .     London. 
Samuel  W.  Johnson,     ....     Derby. 
William  Laird,  ....     Birkenhead. 

Edward  P.  Martin,    ....     Dowlais. 

Of  these,  the  President  regretted  that  he  found  himself  unable 
from  various  considerations  to  accept  nomination  for  a  second  year 
of  office.  The  two  Yice-Presidents  and  the  five  Members  of  Council 
all  oflfered  themselves  for  re-election. 

The  following  nominations  had  also  been  made  by  the  Council 
for  the  election  at  the  Annual  General  Meeting  : — 

PRESIDENT. 

Joseph  Tomlinson,        ....     London. 

Election 
as  Member.  MEMBERS  OF  COUNCIL. 

1859.  E.  Price-Williams,     .  .  .     London. 

1873.  Henry  Davey,    ....     London. 

1873.  William  Henry  Maw,  .  .     London. 

1876.  Henry  Shield,   ....     Liverpool. 

1888.  William  Henry  White,  F.E.S.,     .     London. 

The  President  reminded  the  Meeting  that  according  to  the  Rules 

of  the  Institution  any  Member  was  now  entitled  to  add  to  the  list 

of  candidates. 

No  other  names  were  added. 

The   President   announced   that   the    foregoing    names    would 

accordingly  constitute  the  nomination  list  for  the  election  of  officers 

at  the  Annual  General  Meeting. 


The  President  gave  notice,  on  behalf  of  the  Council,  of  motions 
to  be  proposed  at  the  ensuing  Annual  General  Meeting  for  the  three 
following  new  By-laws  : — 

New  By-law  to  follow  immediately  after  the  existing  By-law 
11  : — "  Any  Member  or  Associate  whose  subscription  is  not  in  arrear 
may  at  any  time  compound  for  his  subscription  for  the  ciu'rent  and 
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all  future  years  by  the  payment  of  Fifty  Pounds.  All  compositions 
shall  be  deemed  to  be  capital  moneys  of  the  Institution." 

New  By-law  to  follow  immediately  after  the  existing  By-law  6  : — 
"  The  abbreviated  distinctive  Titles  for  indicating  the  connection 
with  the  Institution  of  Members,  Graduates,  Associates,  or  Honorary 
Life  Members  thereof,  shall  be  the  following : — for  Members, 
M.  I.  Mech.  E. ;  for  Graduates,  G.  I.  Mech.  E. ;  for  Associates, 
A.  I.  Mech.  E. ;  for  Honorary  Life  Members,  Hon.  M.  I.  Mech.  E." 

New  By-law  to  follow  also  after  the  existing  By-law  6 : — 
"  Subject  to  such  regulations  as  the  Council  may  from  time  to 
time  prescribe,  any  Member,  Graduate,  or  Associate  may  upon 
application  to  the  Secretary  obtain  a  Certificate  of  his  membership 
or  other  connection  with  the  Institution.  Every  such  certificate 
shall  remain  the  property  of,  and  shall  on  demand  be  returned  to,  the 
Institution." 


The  President  announced  that  the  Council  had  had  under  their 
consideration  the  question  of  the  Taxation  of  Machinery,  to  which 
they  invited  the  attention  of  the  Members  of  this  Institution,  to 
whom  the  subject  must  be  of  more  or  less  direct  importance.  For 
dealing  with  this  matter  the  National  Society  for  the  Exemption  of 
Machinery  from  Eating  had  recently  been  formed ;  and  the  Council 
were  glad  to  take  this  earliest  opportunity  of  giving  expression  in 
their  corporate  capacity  to  their  cordial  sympathy  with  the  object  of 
the  Society.  Being  confirmed  by  their  Honorary  Solicitor's  advice 
in  the  opinion  that  the  funds  of  the  Institution  were  not  available 
for  forwarding  this  object,  the  Council  urged  upon  all  the  Members, 
who  might  wish  to  show  their  individual  interest  therein,  that  they 
should  communicate  at  once  with  the  Society,  from  whose  office  at 
22  Buckingham  Street,  Adelphi,  London,  W.C.,  papers  and  full 
information  would  be  supplied. 

Mr.  Benjamin  A.  Dobson,  Member  of  Council,  gave  notice  to 
propose  the  following  resolution  at  the  ensuing  Annual  General 
Meeting: — "That   the   President   be   requested   to    convey   to   the 
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National  Society  for  the  Exemption  of  Machinery  from  Eating  the 
hearty  sympathy  of  this  Meeting  with  the  object  of  the  Society." 


The  following  Paper  was  then  read  and  discussed  : — 

On  the  results  of  Blast-Ftirnacc  Practice  with  Lime  instead  of  Limestone  as 
Flux  ;  by  the  Peesident. 

During  the  Discussion  of  the  President's  Paper  the  chair  was 
occupied  by  Joseph  Tomlinson,  Esq.,  Vice-President. 

At  Half-past  Nine  o'clock  the  Meeting  was  adjourned   to   the 
following  evening.     The  attendance  was  67  Members  and  34  Visitors. 


The  Adjourned  Meeting  was  held  at  the  Institution  of  Civil 
Engineers,  London,  on  Thursday,  31st  October  1889,  at  Half-past 
Seven  o'clock  p.m.  ;  Charles  Cochrane,  Esq.,  President,  in  the 
chair. 

The  following  Papers  were  read  and  discussed : — 

Description  of  a  Eotary  Machine  for  making  Block-bottomed  Paper  Bags ;  by 

Mr.   Job  Duerdek,  of  Burnley.      Communicated  through  IMr.   Heney 

Chapman,  of  London, 
Further    Experiments    on    Condensation   and   Ee-evaporation   of  Steam   in    a 

Jacketed   Cylinder;  by  Major  Thomas  Enolish,  K.E.,  Superintendent, 

Eoyal  Carriage  Department,  Woolwich. 


On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passi  d  to  the  Institution  of  Civil  Engineers  for  their  kindness  in 
granting  the  use  of  their  rooms  for  the  Meeting  of  this  Institution. 

The  Meeting  then  terminated,  shortly  before  Ten  o'clock.  The 
attendance  was  56  Members  and  39  Visitors. 
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ON    THE    RESULTS    OF    BLAST-FURNACE    PRACTICE 
WITH  LIME  INSTEAD  OF  LIMESTONE  AS  FLUX. 


By  the  Pkesidext,  CHARLES  COCHRANE,  Esq. 


To  Sir  Isaac  Lowthian  Bell  we  are  indebted  for  a  most  carefully 
conducted  series  of  experiments  upon  the  Blast-Furnace,  recorded  in 
his  work  entitled  "  Chemical  Phenomena  of  Iron  Smelting."  To 
M.  Griiner  is  the  scientific  world  further  indebted  for  embodying 
in  his  "  Etudes  sur  les  Hauts-Fourneaux "  the  results  of  those 
experiments  in  the  most  carefully  developed  mathematical  order  and 
algebraical  formulte  that  blast-furnace  practice  has  witnessed.  Neither 
M.  Valerius  nor  MM.  Flachat  Barrault  and  Petiet  have  approached 
Sir  Lowthian  Bell  and  M.  Griiner  in  their  exposition  of  the 
phenomena  of  the  blast-furnace  reactions  ;  although,  as  happens  in 
all  scientific  progress,  those  earlier  works  have  been  stepping  stones 
to  the  great  stride  accomplished  by  Sir  Lowthian  Bell  and  by 
M.  Griiner.  It  is  true  that  Sir  Lowthian  Bell  pointed  out  how  the 
presence  of  carbonic  acid  in  the  gases  escaping  from  the  blast- 
furnace had  a  distinct  bearing  upon  the  economy  of  fuel  consumed 
in  the  production  of  a  unit  of  pig  iron ;  but  he  fui-ther  insisted  on  the 
fact,  as  he  supposed,  that  there  was  an  absolute  limit  to  the 
attainable  ratio  of  carbonic  acid  to  carbonic  oxide  in  the  escaping 
gases,  beyond  which  further  economy  was  impossible,  by  reason  of 
alleged  reactions  between  these  two  gases  as  soon  as  ever  that  limit 
was  reached.  The  limit  he  assigned  was  one  volume  of  carbonic 
acid  to  two  volumes  of  carbonic  oxide;  which  is  equivalent  to  a 
ratio  by  weight  of  three  of  carbonic  acid  to  four  of  carbonic  oxide 
or  CO2  :  CO  =  0  •  75  :  1  •  00.  M.  Griiner  gave,  presumably  for  the 
first  time,  the  maximum  of  perfection  possible  in  any  blast-furnace 
in  terms  of  the  maximum  ratio  of  carbonic  acid  to  carbonic  oxide  ; 
but  he   seems   too  readily  to   have   fallen    in  with   Sir  Lowthian 
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Bell's  idea  that  there  was  a  practical  limit  to  this  ratio,  by  reason  of 
the  reactions  which  Sir  L.  Bell  alleged  took  place  when  the  limit 
was  exceeded  of  one  volume  of  carbonic  acid  to  two  of  carbonic 
oxide. 

The  conclusion  drawn  by  Sir  L.  Bell  is  believed  by  the  writer  to 
have  been  experimentally  correct  under  the  conditions  under  which 
he  assumed  the  gases  to  exist  in  the  blast-furnace  ;  but  the  writer's 
practice  has  shown  him  that  there  are  conditions  hitherto  unrecorded, 
which  govern  the  attainable  ratio  of  carbonic  acid  to  carbonic 
oxide ;  and  it  has  been  his  aim  for  many  years  past  to  arrive  at  the 
true  law  which  governs  the  relations  of  these  two  gases,  and  the 
resulting  economy  or  sacrifice  of  fuel  in  the  blast-furnace. 
M.  Griiuer  stated  that  the  ratio  of  carbonic  acid  to  carbonic  oxide  was 
the  keynote  of  the  position,  and  he  was  right ;  but  it  has  needed 
years  of  practical  experience,  in  the  light  of  Sir  Lowthian  Bell's 
analytical  experiments  and  of  M.  Griiner's  inferences,  to  solve  the 
jjroblem. 

There  are  two  leading  factors  in  the  conduct  of  a  blast-furnace, 
which  are  readily  intelligible : — the  combustion  of  carbon  at  the 
tuyeres  into  carbonic  oxide  wholly ;  and  the  reduction  of  the  oxide 
of  iron  by  the  reaction  of  the  carbonic  oxide  thus  produced,  so  as  to 
form  carbonic  acid,  according  to  the  well-known  formula  in  the  case 
of  peroxide  of  iron,  Fe.  O3-I-  3  CO  =  Foa  +  3  COo  or  (28  x  2  +  8  x  3) 
-1-  3  X  (6  +  8)  =  56  -1-  3  X  (6  +  16).  Now  supposing  there 
were  no  other  reactions  than  these,  and  that  there  were  needed 
15cwts.  of  pure  carbon  to  produce  20  cwts.  of  pure  iron,  the  ratio  of 
carbonic  acid  to  carbonic  oxide  would  be  found  as  follows : — 15  x  11 
-^  6  =  35  cwts.  of  carbonic  oxide  produced  at  the  tuyeres ;  and 
according  to  the  above  formula,  for  every  56  cwts.  of  iron  42  cwts.  of 
carbonic  oxide  would  be  required  with  production  of  66  cwts.  of 
carbonic  acid.  Hence  for  every  20  cwts.  of  pure  iron  there  would  be 
required  42  x  20  -^  56  =  15  cwts.  of  carbonic  oxide ;  and  there  would 
be  produced  15  x  66  -^  42  =  23-57  cwts.  of  carbonic  acid.  There 
would  therefore  be  left  35  — 15  =  20  cwts.  of  carbonic  oxide  ;  and 
there  would  be  formed  23  •  57  cwts.  of  carbonic  acid  ;  and  the  ratio  of 
these  would  be  CO2  :  CO  =  23  •  57  :  20  •  00  =  1  •  18.    Now  Sir  Lowthian 
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Bell's  assertion  is  that  such  a  ratio  would  be  impossible,  because  the 
moment  the  limiting  ratio  of  0  •  75  is  exceeded,  the  immediate  effect 
would  be  to  cause  a  re-conversion  of  carbonic  acid  into  carbonic 
oxide,  and  so  to  undermine  the  economy  due  to  such  a  ratio  as  the 
foregoing  of  1*18,  by  the  unburning  of  carbon  oxidised  to  its 
highest  degree.  Yet  he  himself  gives  an  illustration  of  Styrian 
furnaces  where  pig-iron  is  made  with  from  12  to  15  cwts.  of  charcoal 
per  20  cwts.  of  pig-iron  produced :  so  that  on  the  merits  of  the  case 
there  would  seem  to  be  something  wrong  in  his  deductions. 
Although  as  a  matter  of  fact  so  high  a  value  as  0  •  75  for  the  ratio  of 
carbonic  acid  to  carbonic  oxide  has  not  been  attained  with  Cleveland 
ironstone,  the  author  purposes  showing  that  the  cause  is  to  be  sought 
deeper  than  in  the  mere  arbitrary  limit  assigned  to  the  ratio  of 
carbonic  acid  to  carbonic  oxide,  and  is  to  be  found  in  reactions  of 
carbonic  acid  upon  red-hot  carbon,  and  in  the  consequent  production 
of  carbonic  oxide,  so  that  the  ratio  CO2  :  CO  is  essentially  an  effect 
and  not  a  cause. 

In  a  blast-furnace  the  perfection  of  work  is  that  carbonic  acid, 
having  once  been  formed  in  the  process  of  reduction,  should  never 
be  allowed  to  come  into  contact  with  red-hot  coke ;  for  the 
immediate  reaction  between  carbonic  acid  and  carbon  at  a  red  heat 
is  to  convert  the  carbonic  acid  into  carbonic  oxide  with  most 
destructive  waste  of  fuel.  Thus  the  units  of  heat  developed  by  one 
unit  (or  cwt.)  of  carbon  burnt  into  carbonic  oxide  only  are  2,47o 
(centigrade),  whereas  the  units  of  heat  developed  by  one  unit  of 
carbon  burnt  into  carbonic  acid  are  8,080;  hence  the  units  of  heat 
developed  by  one  unit  of  carbon  in  carbonic  oxide  burnt  into 
carbonic  acid  are  8,080  —  2,473  =  5,607.  It  will  thus  be  seen 
that,  if  by  any  unfavourable  reaction  in  the  furnace,  such  as  hapj)ens 
when  carbonic  acid  finds  itself  in  the  presence  of  red-hot  coke, 
any  carbonic  acid  once  formed  becomes  re-converted  into  carbonic 
oxide,  the  unburning  of  the  carbonic  acid  to  carbonic  oxide  must 
be  accompanied  not  only  by  the  absorption  of  carbon  but  also  by 
serious  loss  of  heat.  The  reaction  which  takes  place  is  rej)resented 
by   the   formula    COo  +  C  =  2   CO ;    in    which    for   every  unit   of 
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carbon  in  the  carbonic  acid  a  unit  of  carbon  of  tlie  coke  is  dissolved 
and  becomes  carbonic  oxide  ;  whilst  the  unit  of  carbonic  acid  becomes 
two  units  of  carbonic  oxide  by  the  absorption  of  the  second 
equivalent  of  carbon.  Just  as  one  unit  of  carbon  as  carbonic  oxide 
develops  5, GOT  heat-units  in  becoming  carbonic  acid,  so  one  unit  of 
carbon  as  carbonic  acid  in  going  back  to  carbonic  oxide  will  absorb 
5,607  heat-units ;  which  is  equal  to  the  combustion  of  5,607  -f-  2,473 
=  2*26  units  of  carbon  burnt  into  carbonic  oxide,  of  which  1  unit  of 
carbon  has  absolutely  disappeared  by  absorption  in  the  process,  leaving 
1"26  units,  to  be  supjilied  and  burnt  into  carbonic  oxide  at  the 
tuyeres  by  means  of  the  oxygen  in  the  blast,  to  compensate  for  the 
balance  of  loss  incurred  in  the  region  of  the  furnace  in  which  the 
reaction  has  taken  place :  because  by  hypothesis  the  carbonic  acid 
has  been  evolved  or  come  into  contact  with  red-hot  coke  under 
conditions  under  which  it  could  not  exist  as  carbonic  acid.  To  make 
the  ultimate  result  if  necessary  yet  clearer,  the  absorption  of  the  one 
unit  of  carbon  by  the  carbonic  acid  to  form  carbonic  oxide  will 
develop  2,473  heat-units,  while  the  re-conversion  of  the  carbonic 
acid  to  carbonic  oxide  will  subtract  from  the  furnace  5,607  heat- 
units  :  so  that  the  balance  will  be  a  loss  of  5,607-2,473  =  3,134 
heat-units,  which  represent  3,134-4-2,473  =  1-26  units  of  carbon 
burnt  into  carbonic  oxide.  Hence  there  is  a  total  loss  to  the 
efficiency  of  the  furnace  of  1-26  -f- 1*00  =  2-26  units  of  carbon 
burnt  into  carbonic  oxide  for  every  unit  of  carbon  once  existing  as 
carbonic  acid  which  shall  have  been  re-converted  into  carbonic 
oxide. 

"When  limestone  is  employed  as  a  flux  there  are  two  sources  of 
carbonic  acid : — firstly  that  contained  in  the  carbonate  of  lime 
CaO  COo,  which  has  necessarily  to  be  evolved  in  contact  with  red-hot 
coke,  because  at  less  than  a  red  heat  it  is  impossible  to  separate  the 
carbonic  acid  from  the  lime ;  and  secondly  that  evolved  in  the 
process  of  reduction  of  the  ore  or  ironstone,  which,  if  previously 
calcined  so  as  to  become  peroxide  of  iron,  undergoes  the  following 
reaction  :  Fe^  O3  -f  3  CO  =  Fca  -(-  3  CO2.  Now  according  to  the 
construction  of  the  furnace,  and  the  more  or  less  imperfect  appliances 
at  command,  much  or  little  of  the  latter,  which  will  be  called  the 
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carbonic  acid  of  reduction,  may  be  evolved  in  the  same  red-Lot 
region  in  whicb  tbe  carbonic  acid  from  tbe  flux  is  driven  off.  In  old 
furnaces  of  very  small  capacity,  extravagant  waste  of  fuel  took  place 
from  this  very  cause,  namely  the  evolution  of  carbonic  acid  of 
reduction  in  the  red-hot  region,  owing  to  the  plunging  of  the 
ironstone  down  into  that  region  before  its  complete  reduction  had 
been  effected  in  a  higher  and  cooler  region.  How  great  could  be 
the  mischief  will  appear  by  assuming  the  extreme  case  of  a  furnace 
so  badly  constructed  that  the  whole  of  the  reduction  of  the  peroxide 
of  iron  should  take  place  in  the  red-hot  region.  From  the  formula 
Fe^  O3  +  3  CO  =  Fcj  -^  3  CO.,,  or  (2  x  28)  -f  3  x  8  +  3  X  (6  +  8)  = 
(2  X  28)  +  3  X  (6  4-  16),  it  will  be  seen  that  for  the  reduction  of  56 
cwts,  of  iron  there  are  required  18  cvvts.  of  carbon  as  carbonic  oxide  ; 
and  56  :  20  :  :  18  :  6  •  43 ;  therefore  6  •  43  cwts.  of  carbon  are  required 
for  the  reduction  of  20  cwts.  of  iron  from  its  assumed  condition  of 
peroxide.  But  inasmuch  as  20  cwts.  of  pig-iron  contain  only  18-80 
of  pure  iron,  the  carbon  required  per  ton  of  pig-iron  will  be  6*43  X 
18-80  4-20  =  6-04  cwts.  Now  suppose  the  whole  of  this  carbon, 
which  should  in  a  perfect  furnace  pass  away  as  carbonic  acid,  became 
re-converted  into  carbonic  oxide;  it  would  first  absorb  6-04  cwts. 
of  carbon  for  conversion  into  carbonic  oxide,  according  to  the  reaction 
CO2  +  C  =  2  CO ;  and  the  heat  to  be  furnished  at  the  tuyeres 
would  be  6-04  X  1'26  =  7-61  cwts,  of  carbon  burnt  into  carbonic 
oxide.  Hence  a  total  loss  would  arise  of  7- 61  -j-  6*04  —  13*65 
cwts.  of  carbon  j)er  ton  of  pig-iron. 

It  was  in  the  direction  of  reducing  this  mischievous  tendency 
that,  at  Middlesbrough  especially,  important  economies  ensued  on 
increasing  the  capacity  of  the  blast-furnace  from  6,000  or  7,000 
cubic  feet  to  20,000  cubic  feet  or  more.  Thereby  more  time  was 
given  fur  the  reduction  of  the  ironstone :  so  that  it  became  more 
possible  to  secure,  in  the  analysis  of  the  escaping  gases  when 
employing  limestone  as  flux,  a  nearer  approach  to  the  presence  of 
the  entire  quantity  of  carbonic  acid  of  reduction  and  in  certain  cases 
even  the  entire  quantity.  Indeed  M.  Griiner  was  quick  to  discover 
in  Sir  Lowthian  Bell's  experiments  the  presence  in  some  cases  of  a 
little  more  carbonic  acid  than  was  due  to  the  possible  formation  of 
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carbonic  acid  by  the  reduction  of  all  the  ironstone  ;  and  the  excess 
must  have  proceeded  from  the  evolution  of  carbonic  acid  from  the 
limestone.  As  the  writer  has  himself  on  several  occasions  since 
confirmed  M.  Griiner's  observation,  he  now  deems  such  increase  of 
carbonic  acid  beyond  the  carbonic  acid  of  reduction  to  be  the  result 
of  a  trifliug  wave  of  carbonic  acid  displaced  from  the  surface  of  the 
limestone  just  before  it  plunges  into  the  red-hot  coke  region.  The 
amount  is  so  little  as  not  to  disturb  the  main  conclusion  that  the 
carbonic  acid  of  the  flux  takes  up  a  weight  of  carbon  practically 
equal  to  that  which  it  already  contains.  Nor  must  it  be  lost  sight 
of  that  in  thus  taking  up  carbon  and  becoming  2  CO  the  result  it 
produces  is  not  altogether  prejudicial ;  for  the  carbonic  oxide  so 
formed  enriches  the  deoxidising  gas  of  the  furnace,  and  promotes 
the  more  complete  deoxidation  of  tbe  ironstone  in  the  cooler  region 
above,  so  as  to  make  it  possible  to  attain  to  a  perfect  reduction 
thereof  without  absorption  of  carbon  by  carbonic  acid  of  reduction. 

At  this  stage  it  may  be  interesting  to  refer  to  the  effect  of 
displacing  the  carbonic  acid  from  the  flux  by  calcining  the  latter  before 
employing  it  in  the  blast-furnace.  The  following  Tables  1  and  2 
present  a  comparison  between  the  results  obtained  at  the  same 
furnace  under  the  two  different  conditions,  and  will  fully  illustrate 
the  benefit  to  be  obtained  under  favourable  conditions  by  the 
substitution  of  lime  CaO  for  limestone  CaO  COo  in  a  blast-furnace 
of  capacity  adapted  to  the  materials  employed,  although  there 
may  seem  room  for  a  little  regret  that  the  balance  of  heat  received 
(Table  1)  and  heat  expended  (Table  2)  is  not  somewhat  closer  than 
here  appears. 

In  these  comparative  accounts  of  receipts  and  expenditure 
of  heat  it  will  be  noticed  that,  in  working  on  limestone,  the 
expenditure  falls  short  by  0-72  cwt.  of  carbon  of  the  total  heat 
received  in  fuel  and  heated  blast,  and  reckoned  in  carbon  burnt 
to  carbonic  oxide ;  whilst  in  working  on  lime,  the  expenditure 
account  shows  an  excess  of  0*81  cwt.  of  carbon  over  that  which  was 
received.  These  are  errors  on  either  side,  amounting  to  2^  and 
3  per  cent,  respectively,  to  which  calculations  of  this  kind  are  liable, 
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TABLE  1. — Ormeshij  Iron  WorJis,  3Iiddleshrough. 

Blast-Fiirnace  o/ 20,454  cubic  feet  capacity,  and  76  feet  JieigJit. 

Comparison  between  ivorJcing 

on  Limestone  and  on  Lime  respectively  as  flux. 


SUPPLY  OF  HEAT 

per  ton  of  pig-iron  made. 


Chemical  Composition 

of  the 

Escaping  Gases. 


By  Volume 


By  Weight 


(Nitrogen  N 
Carbonic  Acid  COj 
Carbonic  Oxide  CO 
Hydrogen  H 

(Nitrogen  N 
Carbonic  Acid  CO, 
Carbonic  Oxide  CO 
Hydrogen  H 


Working  on 
Lime- 
stone. 


Lime. 


Per  cent. 

58-28 

9-25 

30-89 

1-58 


Per  cent. 
59-90 

9-79 
28-95 

1-36 


56-19 

14-04 

29-66 

0-11 


Eatio  of  CO2  to  CO  by  weight ratio     0-473 

Temperature  of  Blast       .        Fahr.  1485°  and  1409°  =  ceutig.       807^^ 
Temperature  of  Escaping  Gases,  Fahr.  621°  and  571°  =  centig.       327° 


Coke  consumed  per  ton  of  pig  iron 

(Ash  .  .     7-70  and  7-65 

Deduct  I  Sulphur   .  .     0-84  and  0-90 

Moisture.  .     0-53  and  1-95 


Per  cent. 
9-07  and  10-50  = 


Cwts. 
23-28 

2-09 


Net  Carbon  in  coke  consumed  per  ton  of  pig  iron  . 

Limestone  consumed  per  ton  of  pig  iron        .... 
Deduct  foreign  matter  in  flux  3 J  and  3-71  per  cent. 

Net  pure  Carbonate  of  Lime  CaO  CO,  .... 

Carbon  contained  in  flux,  12-72  x  6  -i-  50  and*  0-79  x  6-7-22 
Total   Carbon   supplied    into   fm-nace   per   ton   of    pig   iron, 

21-19 -M-52  and  17-44-1-0-22 

Deduct  Carbon  absorbed  by  pig  iron     ..... 


21-19 


13-18 
0-46 


12-72 


1-52 


22-71 
0-60 


22-11 


57-43 

14-80 

27-68 

0-09 


0-535 
765° 
301° 


Cwts. 
19-49 

2-05 


17-44 


11-83 


*0-22 

17-66 
0-60 


17-06 


Net  Carbon  for  producing  joint  COj  and  CO 
(continued  on  next  page) 

*  When  working  on  lime,  the  actual  weight  of  flux  charged  into  the  furnace  per 
ton  of  pig  iron  made  was  7-86  cwts.  of  impure  lime,  resulting  from  the  calcination  of 
12-28  cwts.  of  raw  limestone.  Tlje  latter  was  found  by  analysis  to  contain  3-71  per 
cent,  of  foreign  matter,  amounting  therefore  to  0-45  cwt. ;  and  the  net  pure 
carbonate  of  lime  was  accordingly  12-28  -  0-45  =  11-83  cwts.  of  CaO  COj,  which 
contained  11-83  x  22  -i-  50  =  5-21  cwts.  of  CO,.  But  instead  of  the  whole' of  this 
CO,  being  expelled  from  the  limestone  in  the  calcining  kiln,  the  actual  weight 
driven  off  was  only  12-28  —  7-86  =  4-42  cwts.  Consequently  there  remained  in 
the  lime  used  as  ilux  5-21  —  4-42  =  0-79  cwt.  of  COj ;  and  this  unexpelled  CO3 
contained  0-79  x  6-7-22  =  0-22  cwt.  of  carbon,  which  corresponds  with  1-83  cwt". 
of  CaO  CO,. 
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TABLE  1  (continued). 


SUPPLY  OP  HEAT  (continued) 
per  ton  of  pig-iron  made. 


Carbon  required  per  ton  of  pig  iron  for  perfect  reduction 

If  all   CO,    pasaed    uway    without    change,    total    COj    in 

escaping;'  gases  would   be   (1  -.52  +  C-04  =  7-5G)  X  22  -^  G 

and  (0-22  + 6-04  =  6-26)  X  22^6  .  .  .  . 

Whilst  there  would  then  puss  away  as  CO 

(22-11  -  7-56  =  U-55)  X  14-^6  .  .         .         . 

and  (17-OG  -  6-26  =  10-80)  X  14-^6     .         .         .  . 

In   that  case  the  furnace  would  be   working   perfectly  with 

ratios  CO, :  CO  =  27  •  72  -^  33  •  95  and  22  •  96  -f-  25  •  20 
But  the  actual  working  ratios  given  above  were 
This  reduction  of  ratios,  as  will  be  explained  fui-ther  on,  is 

attended  with  transfer  of  Carbon  from  condition  of  COj  to 

that  of  CO,  amovuiting  to  .....  . 

The  transfer,  as  will  also  be  explained,  is  derived  from  the 

two  following  sources  : — 

Carbon  from  CO,  of  flux,  as  above  .... 

Carbon  from  CO^  of  reduction,  by  difference   . 

Total  Carbon  transferred  per  ton  of  pig  iron,  as  above 

3Ioistiu-e  in  atmosphere  per  cubic  foot  .  .  .  grains 

■\Veight  of  Air  supplied  into  furnace  is  found  as  follows : — 
Carbon  supplied  for  producing  COj  and  CO,  as  above 
Dedufit    Carbon   transferred  from   COj   of   flux    and   of 
reduction,  as  above  ....... 

Net  Carbon  to  be  converted  into  CO  by  Air  .... 

Weight  of  Oxygen  required  19-67  X  8  -4-  6  and  15-13  x  8  -j-  6 
AVeight  of  Nitrogen  required  26  -  23  x  77  -^  23 

and  20-17  X  77-^23 

Total  Weight  of  dry  Air  required  per  ton  of  pig  iron 


Working  on 

Lime-   I    ^  ■ 
.  Lime, 

stone. 


Cuts. 
G-04 

27-7-2 


33-95 

Eatio. 
0-816 
0-473 

Cwts. 
2-44 


1-52 
0-92 


Cwts. 
6-04 


22-96 


25-20 
Eatio. 
0-911 
0-535 

Cwts. 
1-93 


0-22 
1-71 


2-44 


4-776 
Cwts. 
22-11 

2-44 


1-93 


3-243 

Cwts. 
17-06 

1-93 


19-67 

15-13 
20-17 

67-52 

26-23 

87-82 

114-05 


87-69 


Total  Heat  supplied  into  furnace  by  blast,  reckoned  in  cwts. 
of  Carbon   burnt   into  CO,   each   unit  of  carbon   thereby 
developing  2,473  heat-units,  and  specific  heat  of  air  being 
0-239 

114-05  X  807°  X  0-239      ^  87-69  X  765°  X  0-239 
2473  2473 

If  to  this   heat  so   measured  be   added   the  actual  Carbon 
contained  in  the  coke  ....... 

and  also  the  Carbon  in  the  flux         ..... 

There  is  a  total  of  Carbon  to  be  accounted  for  as  supplied  into 
the  furnace,  both  directly  as  carbon  and  in  its  equivalent  of 
heat  carried  in  by  the  hot  blast,  amounting  per  ton  of  pig 
iron  to  ......•••  • 


Cwts.        Cwts. 
8-89  6-48 


21-19 
1-52 


17-44 
0-22 


31-60       24-14 


Oct.  1889. 


BLAST-FUENACE    PRACTICE. 


597 


TABLE  2. — Ormeshy  Iron  WorJcs,  Middlesbrough. 

Blast-Furnace  o/ 20,454  cubic  feet  capacity,  and  IQ  feet  height. 

Comparison  bettoeen  worJcing 

on  Limestone  and  on  Lime  respectively  as  flux. 


EXPENDITURE  OF  HEAT 
per  ton  of  pig-iron  made. 


Working  on 
Lime- 
stone. 


Lime. 


Gases  escaping  at  tunnel  head  are  found  as  follows  : — 

Net  Carbon  for  producing  C0„  and  CO,  as  before  . 

Deduct  Carbon  escaping  in  CO,,  6-04  -  0-92  and  6-Oi- 1-71 

Leaves  Carbon  escaping  in  CO    ...... 

CO2  escaping  5-12  X  22-^6  and  4-33  x  22 -j- 6 
CO  escaping  ] 6-99  X  1-1 -7- 6  and  12-73  X  14 -T- 6 
Nitrogen  escaping,  as  before        ...... 

Total  Weight  of  dry  Gases  escaping     ..... 

Heat  carried  away  by  waste  gases,  reckoned  in  cwts.  of  Carbon 

burnt  into  CO,  each  unit  of  carbon  thereby  developing  2 ,  473 

heat-units,  and  specific  heat  of  escaping  gases  being  0'237 
146-23  X  327°  X  0-237  113-10  X  301°  x  0-237 

2473  2473 

Carbon  absorbed  by  pig  iron,  as  before  .... 

Carbon  absorbed  by  C0„  of  flux  1  •  52  and  0  -  22  j 

Carbon  absorbed  by  CO,  of  reduction  0-92  and  1-71/     ' 
Extra  Carbon  needed   to   be  burnt  into  CO  at  tuyeres  for 

meeting  loss  of  heat  due  to  wiburning  of  CO,  into   CO, 
2-44  X  1-26  and  1-93  X  1-26  .  .  .'      . 

Heat  required  to  drive  oif  CO,  from  flux,  reckoned  in  cwts.  of 

Carbon  burnt  into  CO,  each  unit  of  flux  requiring  373-5 

heat-units  to  drive  off  CO,, 

12-72  X  373-5-^2473  and  1-83  X  373-5 -=-2473 
Decomposition  of  JMoisture  in  blast       ..... 
Carbon   remaining  as   CO,   and  passing  away    as   such   in 

escaping  gases  is  6-04  -"0-92  and  6-04  -  1-71 
The  Slag,  weighing  about  32  cwts.  per  ton  of  pi 

for  its  melting  550  heat-units  per  unit  of  slaj 
32  X  550  -r-  2473  of  Carbon  burnt  to  CO 
Melting  of  the  Iron  requires 
Evaporation  of  Water  from  coke 
Sundries,  including  loss  of  lieat  by  tuyere  water,  radiation 

from  sides  of  furnace  and  tuyere  houses,  &c, 

Total  Carbon  accounted  for  as  expended 
Error        ....... 


iron,  requu-e; 


Total  Carbon  to  be  accounted  for  as  received 


Consumption  of  calcined  Ironstone  per  ton  of  pig  ii-on    .  cwts 
Make  of  Vv^  Iron  per  month        .....    tons 

Quality  of  Pig  Iron    .......     No. 

Blast,  pressure  per  square  inch  at  tuyeres    .  .  .     lbs 

Area  of  Tuyeres square  inches 


16-99       12-73 


18-77 
39-64 
87-82 


146-23 


Cwts. 
4-58 

0-60 

2-44 


3-07 


1-92 
1  -33 


5-12 


7-11 
0-90 
0-03 

3-78 


15-88 
29-70 
67-52 


113-10 


Cwts. 
3-26 

0-60 

1-93 


2- 4c 


0-27 
0-73 


30-88 
-f  0-72 


•33 


7-11 
0-90 
0-09 

3-30 


24-95 
-0-81 


31-60       24-14 
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owing  to  the  impossibility  of  recording  accurately  all  the  conditions 
under  which  a  blast-furnace  works.  Imperfectly  calcined  ironstone 
for  instance  will  contain  more  or  less  carbonic  acid,  which  if  at  the 
surface  will  pass  away  as  such,  but  if  imprisoned  in  the  core  of  a 
large  piece  of  ironstone  will  descend  into  the  red-hot  region  of  the 
blast-furnace,  there  to  be  liberated  with  absorption  of  carbon  and 
resultant  loss  of  heat.  Such  fluctuations  in  the  ironstone  would 
produce  some  influence  upon  the  ratio  of  carbonic  acid  to  carbonic 
oxide ;  but  all  things  considered,  the  above  errors  of  0  •  72  and 
0'81  cwt.  respectively  might  fairly  be  spread  over  the  whole  of 
the  expenditure  account,  indeed  probably  over  both  receipt  and 
expenditure  accounts,  and  so  become  inappreciable  whilst  leaving  the 
salient  points  of  the  account  undisturbed. 

It  will  be  seen  that  when  working  on  lime,  with  even  an 
imperfect  calcination  of  the  flux,  an  economy  was  obtained  of 
21-19  —  17-44  =  3-75  cwts.  of  carbon;  whereas  the  theoretical 
saving  should  have  been  only  2  •  94  cwts.  of  carbon,  according  to  the 
weight  of  carbon  in  the  carbonic  acid  displaced  from  the  flux,  namely 
(1-52  -  0-22  =  1-30)  X  1-2G  -1-  1-30  =  2-94. 

The  calculation  which  needs  explanation  in  Table  1  is  the  one 
whereby,  from  an  analysis  of  the  gases  and  from  a  knowledge  of  the 
carbon  consumed  per  ton  of  pig-iron  and  of  the  unexpelled  carbonic 
acid  in  the  flux,  it  is  possible  to  arrive  at  the  exact  mischief  done  in 
the  red-hot  coke  region  by  each  of  the  two  sources  of  that  mischief, 
namely  the  carbonic  acid  of  reduction  and  the  carbonic  acid 
from  the  flux.  In  his  last  paper  read  before  this  Institution  in 
January  1883  the  author  showed  how  this  could  be  accomplished 
by  a  laborious  method  of  calculation  and  by  special  tables ;  but 
contimied  study  has  enabled  him  to  simplify  the  calculation,  and  by 
a  simple  algebraical  formula  to  test  the  eff'ective  working  of  a  blast- 
furnace by  accounting  in  the  form  of  an  expenditure  column  for 
every  unit  of  carbon  consumed,  whether  in  the  heating  of  the  blast 
or  in  the  carbon  burnt  within  the  furnace.  His  own  practice  is  to 
account  in  this  expenditure  for  all  fuel  by  reducing  it  to  imits  of 
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carbon  burnt  to  carbonic  oxide,  each  unit  thereby  developing  2,473 
centigrade  units  of  heat.  In  this  way  he  hopes  to  have  made  a 
complicated  problem  clear. 

Taking  from  Table  1  the  ratio  0  •  473  determined  by  analysis  as 
that  of  carbonic  acid  to  carbonic  oxide  in  the  escaping  gases  when 
working  on  limestone,  we  begin  by  ascertaining  what  this  ratio  should 
have  been,  had  there  been  no  re-conversion  whatever  of  carbonic 
acid  into  carbonic  oxide.  Then  would  the  furnace  have  worked 
perfectly,  and  the  ratio  would  have  been  found  as  follows.  The  net 
carbon  available  for  producing  joint  carbonic  acid  and  carbonic 
oxide  has  been  found  in  the  foregoing  statement  to  be  22*  11  cwts 
per  ton  of  pig-iron.  In  perfect  work  all  carbonic  acid  should  pass 
away  as  such  ;  and  the  total  quantity  produced  in  the  furnace  will  be 
that  from  the  6  •  04  cwts.  of  carbon  for  the  reduction  of  the  ironstone 
and  that  from  the  1*52  cwt.  of  carbon  in  the  flux,  namely  : — 

Carbon  for  reduction     .     G'Ol  x  22  t-  6  =  22-15  cwts.  of  carbonic  acid. 
Carbon  of  fliix   .      .     .     1-52  x  22 -r- 6=    5  •  57  cwts.  of  carbonic  acid. 


Total  Carbon     .      .      .     7-56  X  22  -i-  G  =  27-72  cwtj.  of  cflrbonic  acid. 


If  these  7 '56  cwts.  of  carbon  all  appeared  as  carbonic  acid  in  the 
escaping  gases,  the  balance  should  pass  away  as  carbonic  oxide, 
namely  22- 11 -7-56  =  14-55  x  14 -f- 6  =  33-95  cwts.  of  carbonic 
oxide.  Therefore  the  perfect  ratio  of  carbonic  acid  to  carbonic  oxide 
would  be  27-72  -^33-95  =  0-81G  ;  but  the  actual  ratio  determined 
by  analysis  was  only  0-473,  and  has  been  lowered  from  the  perfect  to 
the  actual  by  the  transfer  of  a  certaia  amount  of  carbon  from  the 
condition  of  carbonic  acid  to  that  of  carbonic  oxide.  Let  x  be  the 
weight  of  the  carbon  so  changed ;  then  from  the  total  carbonic  acid 
possible  in  perfect  work  there  will  have  been  subtracted  ---  x,  and  to 
the  total  carbonic  oxide  possible  in  perfect  work  there  will  have 
been  added  y^  x.  Hence  the  new  ratio  of  carbonic  acid  to  carbonic 
oxide  will  be  (27-72  -  \?  .'c)  -^(33•95  -f-  V  ^)  =  0-473.  Whence 
X  =  2-44  cwts.,  as  taken  in' the  foregoing  Table  1  for  the  quantity 
of  carbon  transferred  from  the  condition  of  carbonic  acid  to  that  of 
carbonic  oxide  per  ton  of  pig-iron. 

3  A 
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lu  like  mauucr  wLcre  lime  was  employed,  containing  0*22  cwt. 
of  carbon  as  carbonic  acid  unexpelled,  the  total  quantity  of  carbonic 
acid  produced  in  the  furnace  will  be  as  follows  : — 

Carbon  for  reduction     .     6*04  x  22  -^  fi  =  22-15  owts.  of  carbonic  aciJ. 
Carbon  of  Ihix      .         .     0-22  x  22  -;-  G  =    O'Sl  cwt.  of  carbonic  acid. 

Total  Carbon       .  .     G-26  X  22  -^  G  =  22-9G  cwts.  of  carbonic  acid. 

If  these  G'2G  cwts.  of  carbon  all  appeared  as  carbonic  acid  in  the 
escaping  gases,  the  balance  should  pass  away  as  carbonic  oxide,  namely 
17-06  -  6-2G  =  10-80  X  14-^-6  =  25-20  cwts.  of  carbonic  oxide. 
Whence  the  jierfect  ratio  of  carbonic  acid  to  carbonic  oxide  would 
have  been  22*96 -;- 25  "20  =  0-911  ;  whereas  in  actual  work  it  fell 
to  0*535,  showing  that  the  carbon  transferred  from  the  condition  of 
carbonic  acid  to  that  of  carbonic  oxide  amounted  to  1*93  cwt.  per 
ton  of  pig-iron. 

It  is  most  important  to  notice  the  sources  of  these  two  diflerent 
transfers.  Obviously  it  might  fairly  be  supposed  that  there  should 
have  been  a  difference  between  them  of  1  -  52  —  0  *  22  =  1  *  30  cwt. ; 
so  that  the  transfer  of  2  *  44  cwts.  in  the  limestone  furnace  should 
have  been  lowered  to  1*14  cwt.  in  the  lime  furnace ;  whereas  it 
appears  at  1-93  cwt.  Let  us  therefore  examine  how  tbe  2  •  44  and 
1  *  93  are  made  up  in  the  respective  cases  of  working  with  limestone 
and  with  lime. 

Limestone.  Lime. 
Carbon  transferred  from  carbonic  acid  of  flux    .         .      1-52        0*22 
Carbon  transferred  from  carbonic  acid  of  reduction 


,      0-92        1  71 
by  reason  of  its  evolution  in  region  of  red-hot  coke 

2-44        1-93 


With  limestone  the  transfer  of  2-44  cwts.  of  carbon  is  made  up  of 
the  1*52  cwt.  of  carbon  from  the  carbonic  acid  of  the  flux,  and  only 
0  *  92  cwt.  from  the  carbonic  acid  of  reduction  ;  while  with  lime  the 
transfer  of  1*93  cwt.  is  made  uj)  of  the  0  *  22  cwt.  from  the  carbonic 
acid  of  the  flux,  and  no  less  than  1  *  71  cwt.  from  the  carbonic  acid  of 
reduction,  being  nearly  twice  as  much  from  the  carbonic  acid  of 
reduction  when  working  with  lime  as  when  working  with  limestone. 
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The  use  of  lime  has  therefore  failed  to  accomplish  some  of  the 
benefit  which  the  author  ventured  to  hope  and  predict  in  January 
1883  :  thus  showing  that  its  emjjloyment  is  not  an  unmixed  good. 
For  through  a  combination  of  causes  the  reduction  of  ironstone  when 
working  with  lime  as  flux  has  been  less  effective  to  the  extent  of 
1'71  —  0"92  =  0*79  cwt.  of  carbon  per  ton  of  pig-iron,  equivalent 
in  the  present  comparison  to  a  loss  of  0-79  x  1-2G  +  0-79  = 
1  •  79  cwt.  of  carbon  per  ton  of  pig-iron.  To  make  this  point  clearei*, 
in  the  case  of  working  on  limestone  the  proportion  of  ironstone 
reduced  in  the  cooler  regions  of  the  furnace  out  of  contact  with 
red-hot  coke  was  50-13  x  5-12  4- 6*04  =  42-49  cwts.  per  ton  of 
pig-iron ;  whilst  there  passed  down  into  the  red-hot  zone  for 
reduction  there  50-13  x  0-92 -^  6-04  =  7-64  cwts.  For  working 
on  lime  the  corresponding  figures  are  50  -  00  X  4  -  33  -f-  6  -  04  =  35-84 
cwts.,  and  50-00  x  1  -  71  4-  6  •  04  =  14-16  cwts.  In  neither  of  these 
cases  does  the  dreaded  proportion  appear  of  1  volume  of  carbonic 
acid  to  2  volumes  of  carbonic  oxide;  for  from  the  analysis  given 
in  Table  1  it  is  seen  that  the  proportion  when  working  on 
limestone  was  only  9-25  :  30  -  89  or  1  :  3},  and  when  working  on 
lime  9*79  :  28-95  or  1  :  3  nearly.  The  consideration  of  these 
volumetric  proportions  may  therefore  be  dismissed  as  inoperative  in 
the  present  instances. 

What  then  are  the  causes  of  the  diminution  in  the  weight  of 
carbonic  acid  of  reduction — that  is,  of  the  increase  in  the  weight  of 
carbon  transferred  from  the  carbonic  acid  of  reduction  into  the 
condition  of  carbonic  oxide — despite  the  removal  of  85  per  cent,  of 
the  carbonic  acid  from  the  lime  used  as  flux  ?  The  causes  of  this 
disappointment  when  working  on  lime  are  twofold : — 

Firstly,  as  intimated  at  the  outset  (page  592),  when  limestone  is 
used,  all  or  nearly  all  the  carbonic  acid  it  contains  is  necessarily 
converted  into  carbonic  oxide,  thus  increasing  and  prolonging  the 
activity  of  the  reducing  zone  in  a  cooler  region,  while  at  the  same 
time  this  cooler  region  is  extended  downwards  by  the  absorption 
of  the  heat  due  to  the  unburning  of  the  carbonic  acid  to  carbonic 
oxide;   thus  jirotracting  or   prolonging  the  period  of  reduction  of 
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the  ironstone  within  the  extended  reducing  region :  so  that  the 
employment  of  limestone  is  not  an  unmixed  evil. 

Secondly,  when  lime  is  used,  the  weight  of  carbonic  oxide  is 
comparatively  diminished,  the  cool  reducing  zone  is  curtailed  in  its 
depth,  and  the  total  volume  of  gases  is  greatly  diminished,  by  reason 
of  the  greatly  diminished  consumption  of  fuel  in  the  furnace,  due  to 
the  very  economy  secured  by  the  jirevious  expulsion  of  carbonic  acid 
from  the  flux.  When  working  on  lime,  the  ironstone  undergoing  the 
process  of  reduction  is  thus  subjected  both  to  the  passage  of  a 
smaller  quantity  of  reducing  gas  over  it,  and  to  that  passage  during  a 
shorter  period  of  time  before  entering  the  red-hot  zone,  which  zone 
by  the  use  of  lime  has  been  raised  somewhat  higher  in  the  furnace. 

To  reduce  the  above  conditions  to  actual  figures,  we  have  when 
working  on  limestone,  according  to  Table  2,  a  weight  of  116 '23  cwts. 
of  gas  per  ton  of  pig-iron,  which  are  passing  over  the  materials 
entering  the  furnace,  and  of  which  39*64  cwts.  consist  of  carbonic 
oxide,  or  27  per  cent,  of  the  total.  When  working  on  lime,  we  have 
only  113-10  cwts.  of  gas  per  ton  of  pig-iron,  passing  over  the 
ironstone  as  it  enters  the  furnace,  of  which  only  29*70  cwts.  are 
carbonic  oxide,  or  26  per  cent,  of  the  total.  It  will  thus  be  seen 
that  there  is  only  a  trifling  difference  in  the  percentage  of  carbonic 
oxide  in  the  total  gases  as  they  leave  the  furnace :  so  that,  in 
explanation  of  the  diminished  reduction  of  ironstone  in  the  cooler 
reducing  regions  of  the  furnace  when  working  on  lime,  there 
remains  the  important  fact  that  the  materials  from  which  a  ton  of 
iron  is  produced  are  exposed  to  the  influence  of  only  29  *  70  cwts.  of 
carbonic  oxide  when  lime  is  employed  as  flux,  instead  of  to  that  of 
39  •  64  cwts.  when  limestone  is  employed :  a  proportion  of  about  8  to 
4,  or  25  per  cent,  less  carbonic  oxide  when  working  on  lime. 

But  whilst  disappointment  has  to  be  confessed  to  the  extent 
indicated,  there  are  one  or  two  conclusions  to  be  drawn  from  the 
above  comparisons,  which  will  well  reward  further  consideration. 

The  air  required  for  consuming  the  coke  per  ton  of  pig-iron 
is  seen  from  Table  1  to  have  been  in  the  case  of  limestone  114*05 
cwts.,  and  with  lime  only  87*69  cwts.,  showing  a  direct  economy  of 
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26 "SG  cwts.  of  air,  or  23  per  cent.;  ■niiilst  witli  the  same  pressure 
of  blast  and  the  same  tuyere  area  the  furnace  wlien  working  on 
lime  turned  out  2,453  tons  of  iron  per  month  against  2,141  tons 
per  month  when  working  on  limestone,  Table  2.  It  is  in  consequence 
of  this  increase  in  the  output  that  the  item  of  sundries  in  the 
statement  of  expenditure  of  fuel  (Table  2)  has  been  reduced  from 
3  ■  78  with  limestone  to  3  •  30  with  lime.  It  is  not  generally  known 
how  far  the  constancy  of  the  loss  by  radiation  and  by  tuyere- 
water  &c.  affects  the  consumption  of  fuel  by  reason  of  increased 
output ;  within  certain  limits  this  explains  the  fact  that  extra  driving 
may  be  and  is  accompanied  by  reduction  of  fuel  consumed  to  make 
a  ton  of  iron. 

Before  passing  away  from  the  subject  of  the  smaller  quantity  of 
air  required  to  make  a  ton  of  iron  when  lime  is  employed  as  flux,  it 
will  be  proper  here  to  refer  to  M.  Griiner's  claim  that  he  was  the 
first  to  show  how,  from  a  knowledge  of  the  quantity  of  coke 
consumed  and  the  ratio  of  carbonic  acid  to  carbonic  oxide,  the  weight 
of  air  needed  could  be  accurately  ascertained.  This  in  itself  was  a 
great  stride  towards  the  correct  understanding  of  the  phenomena  of 
blast-furnace  practice ;  and  the  writer  has  never  seen  his  claim 
challenged.  That  method  is  absolutely  correct,  and  must  in  any 
future  calculations  supersede  all  other  rough  and  ready  methods 
hitherto  in  vogue  for  determining  the  quantity  of  air  needed. 

Attention  may  here  be  drawn  to  two  errors  into  which  the  author 
fell  in  the  comparative  results  given  in  his  paper  in  1883.  Firstly, 
he  omitted  to  allow  for  the  carbon  needed  to  melt  the  ton  of  pig- 
iron  on  which  the  calculations  were  based,  and  was  under  a 
misapprehension  at  the  time  that  it  was  included  elsewhere. 
Secondly,  he  also  assumed  that  the  total  loss  of  carbon  in  the 
transfer  of  a  unit  of  carbon  from  the  condition  of  carbonic  acid  to 
that  of  carbonic  oxide  was  3*26  times  the  amount  of  that  unit; 
whereas  it  should  have  been  2*26  times: — namely  1  unit  absorbed 
by  the  carbonic  acid  in  the  red-hot  region,  and  1*26  unit  needed  to 
be  burnt  into  carbonic  oxide  at  the  tuyeres  in  order  to  meet  the 
cooling  eflfect  of   that   absorption.      In  the  present  comparison  of 
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limestone  and  lime  an  allowance  of  0"90  cwt.  lias  been  made  for 
melting  tlio  20  cwts.  of  pig-iron,  notwithstanding  that  M.  Griincr 
adopts  Sir  Lowthian  Bell's  figure  of  330  calories,  which  is 
equivalent  to  330  x  20-^-2,473  =  2-G7  cwts.  of  carbon  burnt  to 
carbonic  oxide  for  melting  a  ton  of  pig-irou ;  whereas  in  practice  a 
good  cupola  can  melt  a  ton  of  pig-iron  with  less  than  1  cwt.  of 
coke.  The  author  strongly  suspects  some  en-or  in  the  determination 
of  heat  contained  in  pig-irou  running  from  a  blast-furnace  or 
cupola ;  and  is  glad  to  learn  that  M.  Griiner  investigated  the  matter 
further  after  accepting  Sir  L.  Bell's  suggested  average  of  330 
calories.  In  an  admirable  pamphlet  by  M.  J.  Welters,  written  in 
1876  on  the  lines  of  M.  Griiner's  work,  and  called  "  Etudes  sur 
la  fabrication  de  la  fonte  blanche  pour  fer  fort  au  moyen  des  minettes 
ou  minerais  oolithiques  du  Luxembourg,"  he  refers  to  M.  Griiner's 
researches  on  the  fusion  of  white  iron,  and  gives  the  reduced  figure 
of  265  calories,  equivalent  to  2*14  cwts.  of  carbon  per  ton  of  pig- 
iron  ;  but  according  to  actual  cupola  practice  this  is  still  far  too  high, 
and  the  author  has  always  pictured  to  himself  that  the  blast-furnace 
must  necessarily  surpass  the  average  cupola  in  economy  of  melting 
iron :  so  that  he  trusts  the  figure  he  has  adopted  of  0  •  90  cwt.  of 
carbon  burnt  to  carbonic  oxide  per  ton  of  pig-iron  will  not  be  found 
far  from  the  truth. 
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Discussion. 

Sir  LowTHiAN  Bell,  Bart.,  Past-President,  said  this  was  not  the 
first  time  that  he  and  the  author  of  the  paper  just  read  had  not 
altogether  agreed  in  their  views  with  regard  to  blast-furnace  work. 
At  the  outset  he  wished  to  thank  him  for  the  very  kind  expressions 
he  had  used  Avith  regard  to  himself  in  the  opening  page  of  his 
paper.  He  would  also  take  the  opijortunity  of  expressing  his  own 
appreciation,  and  he  was  sure  that  of  the  Members  generally,  of  the 
very  great  service  that  their  President  had  rendered,  not  only  by 
his  elaborate  experiments  on  the  working  of  blast-furnaces,  but  still 
more  by  the  candour  with  which  he  had  communicated  to  the  world 
the  results  of  his  observations. 

There  were  very  few  who  knew  better  than  Mr.  Cochrane  the 
great  difficxxlty  of  forming  an  opinion  with  regard  to  the  action 
of  a  blast-furnace  by  the  analysis  of  the  escaping  gases.  The 
operations  were  conducted  on  so  large  a  scale,  and  the  quantity  of 
the  material  dealt  with  was  so  enormous,  that  it  was  most  difficult 
for  an  investigator  to  satisfy  himself  that  at  any  particular  time  he 
was  not  dealing  with  a  peculiar  and  it  might  be  an  entirely  abnormal 
condition  of  the  furnace,  instead  of  with  an  average  of  its 
performance.  This  difficulty  he  had  himself  endeavoured  to  avoid  by 
always  devoting  a  considerable  space  of  time  for  taking  the  samples 
of  gas  which  he  wished  to  analyse,  something  like  two  hours  being 
usually  devoted  to  collecting  the  specimen,  during  which  he  fimcied 
that  there  was  a  reasonable  chance  of  getting  something  like  an 
average  expression  of  the  conduct  of  the  furnace. 

From  the  paper  now  read  he  supposed  there  could  be  no  doubt 
that  the  presence  of  carbonic  acid,  in  some  quantity  or  other  of 
which  he  did  not  find  exact  information  given  by  the  author, 
was  regarded  by  him,  as  it  had  long  been  by  himself,  as  a  very 
important  element  in  judging  of  the  manner  in  which  the  furnace  was 
performing  its  work.  But  the  question  was,  to  what  extent  could 
that  carbonic  acid  be  expected  to  be  found  in  the  gases  escaping  from 
the  blast-furnace :  in  other  words,  was  there  a  ratio  of  carbonic  acid 
to   carbonic   oxide   which   could    not   be   exceeded?     In    the   fii'st 
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page  of  the  paper  he  fouud  himself  quoted  as  liaviug  Baid  that 
there  was  an  absolute  limit  to  the  action  of  converting  carbonic 
oxide  in  a  blast-furnace  into  carbonic  acid  ;  and  the  late  M.  Griiuer 
was  represented  as  having  too  readily  accepted  that  heretical 
doctrine.  Now  it  was  perfectly  true  that  ho  had  himself  maintained 
that  there  was  such  an  absolute  limit ;  but  he  had  never  asserted 
what  that  absolute  limit  was,  because  he  did  not  as  yet  know  it  by 
actual  experiment ;  he  had  himself  performed  no  experiments,  and 
he  thought  it  would  be  difficult  to  perform  any  experiments,  on 
a  blast-furnace  scale,  in  order  to  ascertain  what  that  particular 
limit  exactly  was.  At  the  same  time  he  did  not  recede  one  iota 
from  the  strong  belief  which  he  had  often  expressed,  and  which  he 
now  expressed  again,  that  in  all  probability  the  ratio  would  never 
be  found  to  exceed  one  volume  of  carbonic  acid  to  two  volumes  of 
carbonic  oxide.  In  saying  this  he  did  not  pretend  for  a  moment 
that  it  was  impossible  by  means  of  peroxide  of  iron  to  convert 
carbonic  oxide  entirely  into  carbonic  acid ;  indeed  he  had  himself 
proved  the  contrary.  That  possibility  was  a  fact  which  ho  should 
think  was  known  to  every  chemist ;  but  what  were  the  conditions  to 
be  observed  in  order  to  effect  this  entire  conversion  ?  There  must 
be  a  great  excess  of  peroxide  of  iron ;  for  it  was  easy  to  suppose 
that  a  molecule  of  iron  could  retain  its  combined  oxygen  with 
varying  degrees  of  energy  according  to  the  quantity  with  which  the 
metal  was  united.  If  so,  then  the  first  portions  of  oxygen  which 
were  removed  from  the  peroxide  of  iron  might  be  far  more  easily 
separated  from  the  iron  than  were  the  last.  Then  uj^on  what  ground 
did  he  himself  maintain  that  there  was  a  limit  to  the  quantity  of 
carbonic  acid  which  might  be  found  in  the  gases  escaping  from  a 
blast-furnace  in  comparison  with  the  quantity  of  carbonic  oxide? 
The  author  had  spoken  of  his  having  assigned  an  arbitrary  limit  to 
this  ratio  ;  and  he  should  therefore  like  to  recall  an  experiment 
which  he  had  performed.  He  took  a  quantity  of  peroxide  of  iron, 
heated  it  red  hot,  and  passed  over  it  a  mixture  of  carbonic  oxide  and 
carbonic  acid  in  equal  volumes.  This  mixture  of  gases  at  once  began 
to  detach  the  first  portions  of  the  oxygen  ;  but  as  soon  as  33  per  cent. 
of  the  oxygen  had  been  separated  from  the  oxide,  thereby  reducing 
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it  to  protoxide  of  irou,  tlie  mixture  of  carbonic  oxide  and  carbonic 
acid  of  the  above  composition  became  entirely  inert :  that  is,  it  could 
separate  no  more  oxygen  from  the  iron  than  the  33  per  cent,  of 
that  contained  in  the  peroxide.  Was  it  rasli  then  to  state  that  at 
all  events  there  was  a  probable  limit  to  the  ratio  in  wbich  carbonic 
oxide  and  carbonic  acid  could  exist  together  in  the  furnace  gases, 
beyond  which  the  mixture  would  lose  its  reducing  power  ?  But  lest 
there  might  possibly  be  any  demur  to  such  a  conclusion,  the  exi)eriment 
just  mentioned  had  been  followed  up  by  another.  Instead  of  taking 
peroxide  of  iron,  he  had  taken  what  was  known  as  spongy  iron,  that  is, 
oxide  of  iron  which  had  been  exposed  in  a  heated  tube  to  a  current  of 
hydrogen  until  no  more  water  w'as  formed  :  an  indisputable  chemical 
proof  that  the  oxide  of  iron  originally  placed  in  the  tube  was  now 
perfectly  pure  metallic  iron  in  its  spongy  form.  Over  the  pure  iron 
so  obtained,  and  heated  in  the  manner  pursued  with  the  peroxide,  a 
current  was  passed  of  carbonic  oxide  and  carbonic  acid,  also  in 
equal  volumes,  this  proportion  being  the  same  as  that  which  had 
sufl&ced  to  rob  the  peroxide  of  iron  of  33  per  cent,  of  its  oxygen ; 
and  what  now  took  place?  The  iron  instantly  began  to  decompose 
the  carbonic  acid,  and  went  on  absorbing  oxygen  from  this  constituent 
of  the  mixture  of  gases  until  it  had  reached  the  condition  of 
protoxide  of  iron,  that  is,  until  it  had  reached  the  same  condition  at 
which  the  peroxide  had  left  off  losing  oxygen.  From  these  two 
facts,  taken  either  separately  or  in  conjunction,  he  did  not  know 
what  other  conclusion  could  be  come  to  than  that  in  the  blast- 
furnace, with  a  mixture  of  those  two  gases  and  with  either  oxide  of 
iron  or  metallic  iron,  there  was  a  limit  of  a  most  indisputable 
character  to  the  ratio  of  the  two  gases  forming  a  neutral  mixture. 
It  was  of  course  to  be  remembered  that  the  ratio  between  these 
two  gases  was  greatly  influenced  by  temperature :  more  heat  was 
required  in  order  to  enable  carbonic  acid  to  obtain  the  mastery  as 
it  were  over  carbonic  oxide ;  for  when  the  temperature  was  lowered, 
the  mastery  of  carbonic  oxide  began  to  prevail,  and  the  peroxide  of 
iron  could  be  reduced  to  a  much  greater  extent  than  it  could  be  at 
the  higher  temperature.  Hence  at  the  top  of  a  blast-furnace  properly 
constructed  and  properly  conducted  there   was   no   difficulty,  at  a 
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temperature  say  of  300^  to  400°  centig.  or  570'"  to  750''  Fahr.,  in 
charging  the  escaping  gases  with  carbonic  acid  to  the  extent  of  the 
limit  ho  had  mentioned,  namely  one  volume  of  carbonic  acid  to 
something  above  two  of  carbonic  oxide,  reduction  of  the  ore  going 
on  lip  to  that  point.  The  i)resent  question  he  presumed  was 
whether  the  oxidation  of  the  carbonic  oxide  could  be  carried  further 
than  the  extent  just  mentioned.  All  he  could  say  was  that  in 
the  escaping  gases  of  a  blast-furnace,  and  of  course  at  the 
temperature  prevailing  in  that  portion  of  the  furnace,  he  had  left 
minute  specimens  of  Cleveland  ironstone  for  96  hours;  and  at 
the  end  of  that  time  he|  had  found  only  a  very  slight  diminution 
of  the  oxygen  in  the  ore.  That  is  to  say  that  an  enormous 
current  of  heated  blast-furnace  gases,  passing  over  small  quantities 
of  ironstone,  was  unable  in  96  hours  to  extract  from  it  more  than 
5  per  cent,  of  its  combined  oxygen.  Was  it  therefore  extravagant  to 
say  that,  when  the  gases  in  the]  ratio  of  one  volume  to  two,  or 
thereabouts,  were  found  to  be  so  inert,  it  looked  very  much  as  if 
there  must  be  a  limit  to  the  ratio  ?  None  the  less  in  the  case  of 
a  blast-furnace,  as  he  [had  already  said,  it  was  extremely  difficult 
to  get  at  what  was  the  precise  limit.  Of  course  it  was  a 
comparatively  easy  thing  to  reduce  iron  ores  in  a  laboratory,  and 
he  had  done  it  over  and  over  again  with  all  proportions  of  the  two 
gases ;  and  there  eifects  were  obtained  which  might  easily  deceive  and 
mislead  from  the  cause  [he  had  mentioned,  namely  that  at  first,  when 
there  was  a  comparatively  large  quantity  of  oxygen  present  in 
combination  with  iron,  it  was  not  difficult  to  abstract  a  portion  of  it. 
The  author  had  spoken  of  the  late  Professor  Griiuer  as  corroborating 
Sir  Lowthian  Bell's  views  in  his  "  Etudes  sur  les  Hauts-Fourneaux," 
a  work  which  in  point  of  fact,  as  mentioned  in  the  paper,  was  in 
reality  an  examination  of  the  experiments  which  he  had  himself 
performed  and  had  described  elsewhere.  Mr.  Cochrane  agreed  in 
page  590  of  his  paper  with  Professor  Griiner's  opinion  that  the 
ratio  of  carbonic  acid  to  carbonic  oxide  was  the  keynote  of  the 
position ;  but  then  he  proceeded  to  say  that  it  had  needed  years  of 
practical  experience,  in  the  light  of  Sir  Lowthian  Bell's  analytical 
experiments  and  of  M.  Griiner's  inferences,  to  solve  the  problem. 
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Now  if  lie  was  correct  in  his  apprehension  of  the  paper,  the 
author's  meaning  must  be  that  there  was  no  limit  to  the  ratio  of 
those  two  gases. 

The  President  interposed  that  there  was  a  limit,  and  he  had 
adopted  it  in  the  paper  as  Professor  Griiner's  limit  (page  589) ;  he 
had  in  each  case,  with  limestone  and  with  lime,  defined  (pages  599 
and  600)  the  limit  of  carbonic  acid  for  the  perfect  working  of  the 
blast-furnace  under  the  circumstances  detailed  in  Tables  1  and  2. 

Sir  LowTHiAN  Bell  imagined  then  that  the  author  meant  the 
limit  of  carbonic  acid  had  been  understated  by  himself,  and  that 
this  gas  might  be  considerably  higher  than  half  the  volume  of  the 
carbonic  oxide.  Therefore,  if  the  author  dissented  from  the  other 
interpretation  of  his  meaning,  it  must  be  that  the  author  expected  a 
higher  limit,  that  is,  a  greater  proportion  of  carbonic  acid.  Was 
this  the  correct  inference  to  draw  from  the  paper  ? 

The  President  considered  that  the  limit  might  be  higher  under 
circumstances  different  from  those  of  Sir  Lowthian  Bell's  experiments 
now  described. 

Sir  Lowthian  Bell  was  of  opinion  that  no  ordinary  difference  of 
circumstances  would  affect  the  limit  to  the  ratio  of  the  two  gases, 
and  was  willing  to  concede  the  choice  of  circumstances  in  any  form. 
In  justification  of  his  own  view  he  had  already  stated  that,  when 
the  gases  were  leaving  a  large  blast-furnace  with  their  reducing 
capacity  satisfied,  in  no  one  of  the  many  analyses  which  he  had 
made,  and  these  at  many  different  furnaces,  had  he  ever  found 
more  than  an  average  of  one  volume  of  carbonic  acid  to  two  of 
carbonic  oxide.  If  this  statement  were  contested  in  the  present 
paper,  it  would  certainly  seem  that  an  extraordinary  course  was 
taken  for  confuting  it.  For  what  were  the  statements  made  in  the 
paper  itself  in  support  of  the  author's  views  ?  One  volume  of 
carbonic  acid  to  two  of  carbonic  oxide  meant  that  by  weight  the 
mixed  carbon  gases  contained  33  per  cent,  of  their  entire  carbon  in 
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the  form  of  carbouic  acid.  In  the  paper  the  author  gave  his  owu 
results  ;  and  what  were  they  ?  In  the  furnace  using  raw  limestone 
the  analysis  of  the  escaping  gases  (page  595)  showed  that  only  23  per 
cent,  of  their  entire  carbon  was  contained  in  the  carbonic  acid,  equal 
therefore  to  1  vol.  of  carbonic  acid  to  3 '34  vols,  of  carbonic  oxide  : 
so  that  in  point  of  fact  the  proportion  of  carbonic  acid  was  much 
less  than  he  had  himself  almost  always  found  in  his  experience  with 
large  furnaces.  It  was  true  that  the  author  said  the  furnace  using 
raw  limestone  was  working  under  disadvantageous  circumstances  by 
the  use  of  this  mineral ;  and  he  proposed  to  remove  the  defect  by 
calcining  the  limestone  beforehand,  and  using  lime  instead ;  but 
even  then  the  analysis  showed  only  25  per  cent,  by  weight  as  the 
proportion  of  carbon  contained  in  the  carbonic  acid  of  the  gases,  or 
1  vol.  of  carbonic  acid  to  2-95  vols,  of  carbonic  oxide.  It  would 
therefore  be  seen  that  the  limit  which  he  had  himself  attained  for 
the  ratio  of  carbonic  acid  to  carbonic  oxide  in  the  escaping  gases 
was  much  higher  than  was  shown  by  the  author's  practice  to  be 
possible  in  what  he  appeared  to  think  was  the  perfection  of 
blast-furnace  working. 

With  regard  to  the  retention  of  carbonic  acid  in  the  gases  of  a 
blast-furnace,  he  had  pointed  out  on  previous  occasions  that  the 
probable  result  of  introducing  a  very  hot  blast  into  the  furnace 
might  be  to  facilitate  the  action  of  the  coke  upon  carbonic  acid. 
Referring  to  the  accompanying  Table  3,  it  would  be  seen  that  in 
experiment  C  the  temperature  of  the  blast  admitted  into  the  furnace 
of  80  feet  height  wag  485°  centig. ;  the  quantity  of  heat  emitted  by 
one  unit  of  coke  (not  pure  carbon)  burnt  to  carbonic  oxide  was  2,018 
calories,  and  by  the  conversion  of  a  certain  portion  of  this  carbonic 
oxide  into  carbonic  acid  there  was  evolved  1,636  calories  ;  and  then 
there  was  conveyed  into  the  furnace  by  the  blast  534  calories, 
making  a  total  of  4,188.  In  experiment  D  made  on  the  same  furnace, 
but  with  the  blast  heated  to  695°  centig.,  it  would  be  seen  that  the 
total  heat  evolved  was  increased  to  4,240  calories ;  but  what  he 
would  call  attention  to  was  this :  that,  while  the  quantity  of  heat 
which  entered  the  furnace  with  the  blast  had  risen  from  534  to 
732  calories,  the  quantity  of  heat  developed  by  the  carbonic  acid 
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TABLE  3. — Heat  (calories  centigrade) 
supplied  into  Blast-Furnace  per  unit  of  Coke  burnt. 


Experiment 

Height  of  Furnace     .     feet 

Temperature"!              ,.       , 
of  Blast      1       centigrade 

A 

48 

0° 

B 

48 

485° 

C 

80 

485° 

D 

80 

695° 

Ormesby 
76      1      7G 

807°       7G5° 

Calories. 

Per  unit  of  Coke  burnt  to  CO 

From  portion  of  CO  burnt) 
toCOj            .         .         ./ 

Total  calories  from  Coke     . 
Calories  in  Blast 

Total  calories  supplied  into"! 
Furnace         .         .         ./ 

Cal. 

2,078 

560 

Cal. 
2,028 

1,059 

Cal. 

2,018 

1,636 

Cal. 

2,045 

1,463 

Cal. 

2,029 

1,232 

Cal. 

2,120 

1,^43 

2,638 
0 

3,087 
508 

3,654 
534 

3,508 
732 

3,261 

924 

3,363 
816 

2,638 

3,595      4,188 

4,240 

4,185      4,179 

had  fallen  from  1,636  to  1,463  calories.  So  that  in  fact  from  a 
purely  calorific  point  of  view  there  had  been  no  advantage  whatever 
from  the  hotter  blast :  unless  indeed  the  greater  heat  brought  in  by 
the  blast  had  been  obtained  by  combustion  of  the  waste  gases,  in 
which  case  of  course  there  was  a  distinct  advantage  of  a  purely 
commercial  character.  Neither  from  a  calorific  nor  from  a  commercial 
point  of  view  however  was  there  anything  like  the  advantage  that 
had  been  predicted  by  those  who  had  first  advocated  the  use  of 
highly  heated  air ;  but  there  was  still  quite  enough  to  justify  its 
use.  Mr.  Cochrane's  figures  in  his  present  Tables  1  and  2  also  gave 
exactly  the  same  result ;  as  compared  with  experiment  C  in  Table  3, 
there  was  a  great  falling  off  in  the  heat  evolved  from  carbonic  acid 
with  a  hotter  blast,  as  seen  from  the  last  two  columns  in  Table  3, 
which  showed  the  heat  evolution  per  unit  of  coke  in  the  two  cases 
given  in  the  paper.  There  was  however  a  marked  advantage  in 
the  use  of  highly  heated  air,  namely  the  diminished  volume  of 
escaping  gases,  as  would  be  seen  in  Table  4. 

With  regard  to  the  great  question  of  working  on  lime  instead  of 
on  limestone,  it  was  true  that  when  limestone  was  thrown  into  a 
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blast-furnace  it  retained  its  carbonic  acid  so  strongly  tliat,  as  the 
author  had  said  in  page  592,  it  only  parted  with  it  on  arriving  at 
a  portion  of  the  furnace  where  the  heat  was  such  as  also  to 
decompose  the  carbonic  acid  given  off  by  the  limestone.  Of  course 
that  was  an  inconvenience,  and  he  quite  admitted  with  the  author 
that  it  would  be  a  very  good  thing  if  by  working  on  lime  it  could 
be  avoided  :  but  the  substitution  of  lime  for  limestone  produced  no 
such  result.  Because,  if  a  quantity  of  caustic  lime,  that  is  lime 
from  which  carbonic  acid  had  been  expelled,  were  heated  to  a 
moderate  red  heat — in  fact  the  action  began  at  a  much  lower  heat 
than  this — it  absorbed  carbonic  acid  which  at  a  higher  temperature 
was  expelled.  He  had  therefore  no  doubt  whatever  in  his  own  mind 
— he  had  not  been  able  to  prove  it,  because  it  was  not  easy  to  do  in 
a  blast-furnace,  but  he  had  proved  it  over  and  over  again  in  the 
laboratory — that  caustic  lime,  at  temperatures  prevailing  in  the  upper 
regions  of  the  furnace,  absorbed  carbonic  acid  with  great  rapidity  ; 
and  he  accordingly  believed  that  any  advantage  gained  from  its 
previous  calcination  ended  in  its  re-absorbing  carbonic  acid  when 
charged  into  the  blast-furnace.  Such  carbonic  acid,  he  need  scarcely 
say,  would  be  given  off  in  the  hotter  zone  just  the  same,  and  with 
the  same  results,  as  if  the  carbonate  of  lime  had  been  in  the 
form  of  limestone.  From  the  paper  it  appeared  that  Mr.  Cochrane 
had  found  lime  of  great  benefit.  But  its  use  had  been  begun 
by  Mr.  Windsor  Eichards  in  a  blast-furnace  of  80  or  90  feet 
height  at  Eston ;  and  he  should  like  to  hear  what  he  had  to  say 
about  the  practice.  He  did  not  know  whether  at  the  time  of 
Mr.  Eichards  leaving  Eston  it  had  already  been  discontinued;  but 
it  certainly  was  not  being  continued  at  present.  Eecognising  that 
there  was  a  certain  amount  of  advantage  gained  in  the  old  furnaces 
of  48  feet  height  by  calcining  the  limestone  beforehand,  he  had 
himself  ascertained  what  was  the  effect  of  using  lime  in  a  large 
furnace ;  and  he  had  then  found  the  result  not  favourable  to  the 
continuance  of  the  plan  in  large  furnaces  such  as  those  now  used 
in  Cleveland.  Messrs.  Samuelson  also  had  begun  to  use  calcined 
lime,  and  he  understood  that  they  still  used  it  for  some  purposes ; 
but  for  smelting  Cleveland  ironstone  they  had  entirely  abandoned 
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it.  As  resulting  from  a  condition  of  things  wliicli  Lc  himself  was 
quite  certain  did  not  in  reality  exist,  an  economy  of  3 "75  cwts. 
of  carbon  per  ton  of  i)ig-iron  had  been  put  down  in  the  paper 
(page  598)  as  obtained  by  working  on  lime.  Assuming  however 
that  caustic  lime  did  not  re-absorb  carbonic  acid,  and  consequently 
had  none  to  give  off  in  the  hot  zone  where  its  presence  was  hurtful, 
he  apprehended  the  saving  of  3  "75  cwts.  of  carbon  had  been  over- 
estimated in  the  paper.  In  the  accompanying  Table  4  was  shown  the 
heat  absorbed  in  the  various  stages  in  smelting  iron  ore  in  different 
sized  blast-furnaces.  Taking  the  last  instance  D  of  a  furnace 
80  feet  high,  using  about  the  same  quantity  of  limestone  as  was 
consumed  at  Ormesby,  it  would  be  seen  that  the  number  of  calories 
absorbed  in  expelling  the  carbonic  acid  from  the  limestone  was 
4,070  per  ton  of  pig-iron,  and  the  heat  absorbed  in  reducing  the 
carbonic  acid  from  the  limestone  to  carbonic  oxide  was  4,099 
calories;  making  together  8,169  calories.  Now  the  coke  burnt  in 
furnace  D  per  ton  of  pig-iron  had  been  21*24  cwts.,  and  the  number 
of  calories  represented  by  that  consumption  had  been  90,057.  Hence 
the  foregoing  8,169  calories  would  represent  in  the  same  furnace 
only  1*92  cwt.  of  coke.  It  was  therefore  clear  that  in  the  furnace 
it  would  be  found  impossible  to  save  3  •  75  cwts.  of  carbon  per  ton 

Foot-note  to  Table  4,  page  G13. — The  factors  from  which  the  heat  absorbed  is 
estimated  in  Table  4  are  taken  from  the  average  determinations  of  the  best 
authorities  on  the  subject,  and  occasionally  verified,  -where  necessary,  in  the 
laboratory  of  the  Clarence  Iron  "Works.  To  ascertain  the  equivalents  in  coke, 
the  calories  so  obtained  are  divided  by  the  heat  obtained  from  burning  each 
unit  of  coke.  Thus  in  furnace  D,  90,057  -j-  4,240  =  21  -24  cwts.  of  coke,  made  up 
of  the  items  given  imder  this  head.  If,  as  contended  by  the  author,  the  divisor 
should  be  2,473  calories  (carbon  burnt  to  carbonic  oxide),  the  coke  consumed  for 
anv  object  w  ill  be  correspondingly  increased ;  and  thus  3  •  75  cwts.  have  been 
obtained  in  the  paper,  instead  of  1*92  cwts.  as  stated  in  Table  4.  That  which 
is  contended  for  in  regard  to  this  one  item  is  applicable  to  all ;  therefore  90,057 
-i-  2,473  =  3G*42  cwts.  of  carbon  ;  and  allowing  10  per  cent,  for  ash  in  the  coke, 
36-42  X  100  -^  90  =  40-47  cwts.  of  coke,  the  quantity  used  being  21-24  cwts.  of 
coke.  In  support  of  the  general  correctness  of  the  figures  made  use  of  in  Table  4 
may  be  adduced  the  fact  that  the  calculation  of  the  heat  evolved  in  the  case  of 
furnace  D  was  S9,S38  calories  against  90,057  calories  appropriated. 
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of  pig-iron  by  merely  calcining  tlie  lime,  for  the  simple  reason 
that  it  did  not  take  at  the  outside  so  much  as  2  cwts.  of  coke 
to  effect  both  the  expulsion  of  the  carbonic  acid  from  the  limestone 
and  its  reduction  into  carbonic  oxide.  He  accordingly  began  to 
consider  for  himself  to  what  the  alleged  economy  of  3  •  75  cwts,  of 
coke  was  due.  The  limestone  furnace  was  put  down  in  page  595  as 
consuming  23 '28  cwts.  of  coke  j)er  ton  of  pig-iron.  But  in  the 
author's  paper  in  1883  the  consumption  of  fuel  in  May  1882  in 
the  same  furnace  using  limestone  had  been  given  as  21*45  cwts. 
of  coke  per  ton  of  j)ig-iron  (Proceedings  1883,  page  119),  What 
had  happened  to  that  furnace  since  1882  ?  It  was  still  working 
on  limestone  as  it  did  then;  but  instead  of  still  using  only  21-45 
cwts.  of  coke,  it  was  now  using  23*28  cwts.  If  so,  why  not 
compare  its  former  instead  of  its  present  rate  of  consumption — 
that  is  21*45  cwts.  instead  of  23*28  cwts.— with  the  19*49  cwts. 
now  ascribed  in  Table  1  to  the  use  of  lime  ? 

There  was  another  matter  that  he  wished  to  point  out.  The 
author  looked  for  the  day  (page  593,  line  19) — and  he  was  afraid  he 
would  have  to  look  for  it  for  a  very  long  time — when  a  perfect 
reduction  of  oxide  of  iron  would  be  accomplished  in  the  cooler  region 
of  the  furnace,  that  is,  at  the  top.  He  said  this  because  if,  instead 
of  charging  ironstone  into  the  furnace,  metallic  iron — spongy 
iron — were  so  treated,  and  if  nothing  but  pure  carbonic  oxide 
were  present  there :  that  iron  he  believed  would  combine  with 
something  like  20  per  cent,  of  the  oxygen  originally  contained  in 
peroxide  of  iron.  The  explanation  of  this  action  was  probably  due 
to  the  fact  that,  when  carbonic  oxide  was  passed  over  either  oxide 
of  iron  or  even  over  metallic  iron,  at  a  moderate  elevation  of 
temperature,  there  was  a  decomposition  of  the  carbonic  oxide,  carbon 
being  precipitated  and  carbonic  acid  formed.  Essentially  the  action 
was  represented  by  the  formula  2C0  =  C-j-COo;  but  in  reality  it 
was  of  a  much  more  complicated  character.  It  was  of  importance 
however  to  mention  that  accompanying  this  reaction  some  iron  was 
oxidised,  or  some  of  the  oxide  of  iron  escaped  reduction.  If  it  were 
urged  that  what  happened  in  the  laboratory  might  not  take  place  in 
the  blast-furnace,  he  would  refer  to  the  accompanying  Table  5,  in 

3  B 
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TABLE  5. 

Wcifjht  of  Oxygen  and  Carbon  in  Blast-Furnace  Gases 

per  ton  of  Pig-iron, 

at  different  depths  beloio  top  of  minerals  in  furnace. 


Depth 

below 

top  of 

miuerals. 

Xo.  1  furnace. 

No.  2  furnace. 

No.  3  furnace. 

No.  4  fornacc. 

Oxygen. 

Carbon. 

Oxygen. 

Carbon. 

Oxygen. 

Carbon. 

Oxygen. 

Carbon. 

! 

Feet. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

0 

1-843 

1-101 

1-843 

1-104 

1-C70 

1-048 

1-670 

1-048 

Si 

1-250 

0-864 

... 

1-309 

0-926 

1-271 

0-897 

18 

1-235 

0-816 

1-410 

0-914 

I-2C6 

0-907 

1-224 

0-898 

31 

1-234 

0-871 

1-482 

1-046 

I-3I2 

0-918 

1-300 

0-917 

441 

1-236 

0-904 

1-190 

0-894 

1-256 

0-946 

... 

... 

57 

1-207 

0-899 

1-207 

0-887 

1-253 

0  931 

1-261 

0-926 

621 

1-137 

0-890 

1-255 

1-253 

0-939 

1-285 

0-977 

68 

1-348 

0-967 

1-366 

0-927 

1-378 

1-013 

1-387 

1-021 

A  depth  of  8  feet  immediately  below  the  charging  plates  is  occupied  by 
charging  apparatus. 

Furnaces  No.  3  and  No.  4  -were  using  partially  calcined  limestone ;  hence  the 
deficiency  of  oxygen  and  carbon  until  the  lower  depths  are  reached. 

wlaicli  were  given  tlie  weights  of  oxygen  and  of  carbon  in  the  gases 
at  different  depths  below  the  top  of  the  charge  in  four  furnaces,  per 
ton  of  pig-iron  produced.  Comparing  in  No.  1  furnace  the  respective 
weights  between  62^  and  68  feet  depth,  it  would  be  seen  that  the 
weight  of  oxygen  in  the  gases  increased  from  1-137  to  1-348  ton 
near  the  tuyeres,  at  the  same  time  that  the  carbon  increased  from 
0-890  to  0-967  ton  per  ton  of  pig-iron.  How  were  these  additional 
quantities  to  be  accounted  for  ?  In  his  opinion  they  were  due  to 
oxygen  being  absorbed  from  carbonic  oxide,  either  by  metallic  iron 
or  by  some  suboxide  of  iron,  through  the  action  which  he  had  just 
explained.  Carbon  had  been  precipitated  from  the  carbonic  oxide 
simultaneously  with  a  retention  or  absorption  of  oxygen  by  the  iron. 
The  oxygen  and  carbon  thus  communicated  to  the  ore  were  retained 
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until  they  reached  the  tuyeres,  where  both  were  returned  to  the 
gases.  It  would  be  observed  that  in  each  of  the  examples  given  in 
Table  5  the  increase  of  oxygen  and  carbon  in  the  gases  was  found  to 
take  place.  In  jDage  594  of  the  paper  the  slight  excess  of  carbonic 
acid  discovered  in  the  escaping  gases  had  been  spoken  of  as 
proceeding  from  a  trifling  wave  of  carbonic  acid  displaced  from  the 
surface  of  the  limestone ;  but  that  view  he  thought  was  a  mistaken 
one,  for  he  believed  the  excess  of  carbonic  acid  in  the  escaping 
gases,  and  of  oxygen  and  carbon  at  the  lower  depths  he  had  referred 
to,  had  probably  also  proceeded  from  the  dissociation  of  carbonic 
oxide  in  the  presence  of  oxide  of  iron  or  metallic  iron  in  the 
manner  already  described. 

By  way  of  controverting  any  such  limit  as  one  volume  of  carbonic 
acid  to  two  of  carbonic  oxide  for  the  ratio  of  these  two  gases  escaping 
from  the  blast-furnace,  reference  had  been  made  in  page  591  of  the 
paper  to  Styrian  furnaces,  in  which,  in  a  paper  that  he  had  himself 
read  at  Vienna  (Iron  and  Steel  Institute  Journal  1S82,  page  534),  he 
had  mentioned  15  cwts.  of  charcoal  as  sufficing  to  produce  one  ton 
of  pig-iron.  In  the  present  paper  it  appeared  to  be  thence  inferred 
that  there  must  surely  have  been  a  great  quantity  of  carbonic  acid 
in  the  escaping  gases,  in  order  to  account  for  so  low  a  consumption 
as  only  15  cwts.  of  charcoal.  But  on  referring  to  Table  4,  page  G13,, 
it  would  be  seen  what  an  extraordinary  amount  of  coke  was  absorbed 
in  what  he  had  called  the  variable  sources  of  appropriation  of  heat. 
For  the  fusion  of  the  slag  in  furnace  D  the  quantity  of  coke  required 
was  no  less  than  3 "673  cwts.  per  ton  of  pig-iron;  and  he  might  go 
on  to  point  out  that  all  those  variables  fluctuated  greatly,  according 
to  the  class  of  ore  which  was  being  smelted.  Thus  instead  of 
requiring,  like  furnace  D,  more  than  90,000  calories  per  ton  of 
pig-iron  produced,  the  Styrian  furnaces,  using  15  cwts.  of  charcoal, 
required  only  60,000  calories.  It  was  therefore  easy  to  understand 
how  so  small  a  consumjjtion  of  charcoal  might  suffice,  and  how 
nevertheless  the  furnaces  might  still  retain  the  ratio  of  one  volume 
of  carbonic  acid  to  two  of  carbonic  oxide  or  thereabouts,  as 
happened  in  the  gases  escaping  from  the  larger  furnaces  working  in 
Cleveland  with  a  higher  consumption  of  fuel. 

3  B  2 


G18  BLAST-FURNACE    PRACTJCK.  OCT.  1889. 

(Sir  Lowthian  Bell,  Bart.) 

"With  regard  to  the  quantity  of  fuel  rc(]^uireil  for  melting  a  ton  of 
pig-iron,  there  appeared  to  him  to  be  a  mistake  in  the  mode  of 
making  the  calculation  in  page  004  of  the  paper.  His  own  assumption 
had  been  that  330  calories  were  required  to  melt  one  cwt.  of  iron  ; 
and  the  author  had  properly  multiplied  that  by  20,  and  got  6,600 
calories  for  melting  a  ton  of  iron  ;  but  then  he  proceeded  to  divide 
this  product  by  the  number  2,473.  It  was  true  that  2,473  calories 
might  be  assumed  as  the  product  of  burning  carbon  into  carbonic 
oxide ;  but  was  all  the  heat  in  the  blast  to  be  neglected,  and  all 
the  carbonic  oxide  that  was  burnt  into  carbonic  acid  ?  In  point  of 
fact,  as  he  had  already  shown  in  Table  3  (page  Gil),  the  quantity  of 
heat  obtained  from  the  coke  and  from  the  blast  in  furnace  D,  instead 
of  being  2,473  calories,  was  4,240  ;  and  when  the  6,600  calories  came 
to  be  divided  by  4,240,  the  result  was  something  like  1^  cwt.  of 
coke  per  ton  of  iron,  instead  of  the  2*67  cwts.  mentioned  in  the 
paper.  It  was  stated  in  page  604  that  in  jn-actice  a  good  cupola 
could  melt  a  ton  of  iron  with  less  than  1  cwt.  of  coke ;  and 
although  he  had  never  succeeded  in  doing  this  himself,  he  would 
not  question  it,  but  would  accept  the  assui'ance  that  it  was  done. 
The  author  however  had  taken  no  account  at  all  of  the  fact  that 
coke  burnt  in  a  cupola  was  burnt  under  different  conditions  from 
those  under  which  it  was  burnt  in  a  blast-furnace.  In  a  low  furnace, 
such  as  a  cupola,  he  should  himself  be  much  surprised  if  the  gases 
escaping  did  not  contain  a  notable  quantity  of  carbonic  acid  ;  and 
he  need  not  point  out  the  great  difference  which  that  would  make 
in  the  consumption  of  fuel. 

With  reference  to  the  remarks  in  jjage  602  of  the  paper  about 
the  reduction  in  the  quantity  of  air  in  the  furnace  when  working  on 
lime,  it  seemed  to  be  implied  that  this  reduction  was  due  to  having 
converted  the  limestone  beforehand  into  lime.  In  his  own  opinion 
however  it  was  not  due  to  that  cause.  The  quantity  of  air  consumed 
in  the  furnace  when  using  limestone  had  been  increased,  not  on 
account  of  the  carbonic  acid  that  was  in  the  limestone,  but  because 
the  furnace  had  then  to  burn  3|  cwts.  more  coke  per  ton  of  pig-iron, 
which  quite  accounted  for  the  difference  in  the  quantity  of  blast 
required. 
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Mr.  E.  WI^'DSOR  EiCHAEDS,  Member  of  Council,  said  tlie  question 

of  using  lime  instead  of  limestone  in  tlie  blast-furnace  had  often 

exercised   the   minds   of  blast-furnace   managers.      It  would   seem 

natural  that  by  putting  in  a  purer  material  an  economy  of  fuel  should 

result.     In  January  1885  he  had  determined  to  try  the  experiment 

upon  five  very  large  blast-furnaces  at  Eston,  Nos.  4,  5,  6,  7,  and  8, 

using  Cleveland  ironstone  ;  and  had  continued  the  experiments  till 

October  1885.     The  burden  was  not  altered;   the  furnaces  carried 

neither  a  lighter  nor  a  heavier  burden.     The  only  result  obtained 

was  that  the  fiirnaces  drove  better ;  they  turned  out  a  larger  o[uantity 

of  iron  per  fortnight ;  but  there  was  no  economy  whatever  in  fuel. 

The    average   make   of    iron    per   fortnight    in    the   five   furnaces 

together  when  using  limestone  was  6,505  tons,  and  their  make  of 

iron  during  the  seventeen  fortnights  of  using  calcined  lime  was  7,220 

tons  :  showing  that  each  furnace  made  about  70  tons  more  per  week. 

There  was  no  economy  whatever  in  the  fuel,  not  even  sufficient  io 

j)ay  for  the  cost  of  calcining,  although  very  large  kilns  were  used,  of 

45  or  50  feet  height,  which  took  perhaps  only  about  one  ton  of  small 

coal  to  calcine  about  30  tons  of  Cleveland  ironstone.     Of  course  in 

times  like  the  present,  when  about  10s.  a  ton  more  could  be  got 

for  the  pig-iron  than  formerly,  ironmasters  might  like  to  be  able  to 

make  the  extra  70  tons  per  week ;  but  this  did  not  bear  upon  the 

present  question.     Not  being  himself  a  chemist,  he  was  unable  to  say 

what   the   proportion   of  carbonic   acid   to   carbonic   oxide    in   the 

escaping   gases  should   be ;  but  a  few  years  ago  he  had  spent  for 

Messrs.   Bolckow   Yaughan   and   Co.   some   £60,000   in   improving 

their   six    blast-furnaces   at   South   Bank,   and  had   naturally  been 

anxious  to  obtain  the  best  possible  results.     Eeadiug  and  hearing  a 

great  deal  about  the  proportions  of  carbonic  acid  to  carbonic  oxide, 

he  thought  he  would  try  to  have  the  proportion  as  nearly  correct  as 

possible ;  and  so  he  employed  Mr.  Stead,  whom  all  knew  as  one  of 

the  most  careful  chemists   of  the  time.     Observations  were  taken 

twice  a  day  for  about  six  months,  which  was  no  small  matter ;  and 

the  analysis  of  the  gases  showed  that   the  proportion   of  carbonic 

acid   to    carbonic    oxide  varied    every   now   and    then,    sometimes 

considerably.     The  blast-furnaces  however  did  not  take  any  notice 
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of  tlio  variation,  but  went  on  working  remarkably  well ;  and  so  lie 
was  obliged  to  leave  it  to  others  to  settle  the  question  of  the  precise 
I)roportion  of  the  two  gases.  If  it  were  possible  to  thrash  out  this 
question  on  neutral  ground,  he  was  sure  that  the  proprietors  of  the 
Low  Moor  Iron  Works  would  be  very  happy  indeed  to  place  one, 
two,  or  three  of  their  cold-blast  furnaces  at  the  disposal  of  the 
President  and  Sir  Lowthian  Bell,  in  order  that  they  might  there 
ascertain  whether  there  was  any  economy  in  using  lime  against 
limestone,  and  might  also  arrive  at  a  solution  of  the  vexed  question 
as  to  the  proportions  of  carbonic  acid  and  carbonic  oxide. 

Mr.  Edwaed  p.  Martin,  Member  of  Council,  gathered  from  the 
present  paper  that,  while  using  caustic  lime  in  a  high  blast-furnace 
might  perhaps  come  to  nothing,  using  caustic  lime  in  low  furnaces 
might  have  a  beneficial  effect.  He  intended  trying  it  himself 
shortly  in  a  lov;  blast-furnace. 

Mr.  David  Evans,  having  been  connected  with  blast-furnaces  all 
his  life,  agreed  with  Mr.  Martin  in  thinking  it  an  advantage  to  use 
lime  in  low  furnaces.  Formerly  in  South  Wales  he  had  been  tlie 
manager  of  furnaces  of  45  feet  height  at  Aberdare  and  at  Pihymney, 
and  had  found  a  considerable  advantage  in  using  lime ;  a  larger 
outjjut  was  obtained,  and  also,  if  he  remembered  rightly,  a  considerable 
saving  in  consumption  of  fuel.  At  Barrow,  where  he  was  now 
manager,  nothing  but  limestone  was  being  used,  because  there  was 
no  means  of  calcining  it  there  ;  and  therefore  he  could  not  express 
any  opinion  as  to  what  economy  there  might  be  in  using  lime  for 
smelting  hematite  ores  in  the  Barrow  furnaces  of  60  to  65  feet 
height :  although  in  the  lower  furnaces  in  South  Wales  of  about 
45  feet  height  considerable  benefit  had  been  found  in  using  lime  as 
against  limestone. 

Sir  LowxniAx  Bell  said  he  too  had  found  benefit  from  using 
lime  in  the  case  of  low  blast-furnaces. 

The  Peesident  scarcely  knew  how  to  reply  to  much  of  what  had 
been   said.     His   difficulty   arose   from  the  introduction  of  matter 
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wliicli  lie  Lad  not  introduced  into  his  paper :  especially  those  early 
experiments  (pages  G06-7)  in  reference  to  the  effect  of  a  mixture  of 
carbonic  acid  and  carbonic  oxide  upon  oxide  of  iron  and  spongy  iron 
respectively.  He  would  admit  unhesitatingly  that  Sir  Lowthian 
Bell's  experiments  were  correctly  made  and  recorded ;  but  they  did 
not  bear  xij)on  the  blast-furnace  in  the  proper  conditions  under  which 
a  blast-furnace  ought  regularly  to  work.  There  were  of  course 
circumstances  in  blast-furnace  working  where  awkward  conditions 
came  into  play ;  but  what  he  aimed  at  was  to  remove  the  furnace 
from  the  sphere  of  operation  of  those  awkward  conditions ;  it  was 
therefore  beside  the  purpose  of  his  paper  to  go  further  into  that 
matter. 

That  Sir  Lowthian  Bell  should  have  introduced  the  subject  of 
highly  heated  air  (page  610)  was  also  a  difficulty,  because  in  the  paper 
the  temperature  had  been  kept  nearly  the  same :  the  comparison 
had  been  made  between  two  furnaces  working  on  lime  and  on 
limestone  with  about  the  same  temperature  of  blast,  or  as  nearly 
so  as  could  be  practically  obtained  over  two  or  three  months  at  a 
time ;  and  he  had  chosen  the  conditions  so  that  there  should  be  no 
objection  raised  to  the  fluctuation  of  temperature,  and  that  there 
should  be  no  corrections  to  make  on  that  score  at  all ;  he  had  thus 
eliminated  the  question  of  blast  temperature,  and  had  not  expected  it 
to  be  raised.  It  was  indeed  superfluous  to  discuss  at  the  present  day 
the  old  question  fought  out  so  long  ago  of  the  value  of  a  high 
temperature  of  blast.  It  was  pretty  well  admitted,  by  the  general 
application  of  highly  heated  blast,  that  at  any  rate  it  had  some  merits ; 
but  it  did  not  bear  at  all  upon  his  present  paper. 

As  regarded  the  belief  that  caustic  lime  heated  to  a  high 
temperature  would  absorb  carbonic  acid  with  great  rapidity 
(page  612),  this  was  an  opinion  against  which  he  had  all  along  had 
to  fight ;  for  he  well  recollected,  from  himself  sitting  at  his 
feet  twenty  years  ago,  how  Sir  Lowthian  had  then  condemned 
the  use  of  caustic  lime,  and  had  taken  him  to  a  kiln  in  which  the 
lime  was  being  burnt  for  testing  the  question,  and  had  told  him  it 
was  found  perfectly  useless  to  burn  it,  as  it  was  not  worth  the 
trouble,  and  the  kiln  was  consequently  about  to  be  let  out.     He  was 
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not  surprised  therefore  to  hear  Sir  Lowthian  endorse  that  opinion  now, 
and  confirm  it  by  even  more  recent  experience.  He  had  himself  ever 
since  had  to  fight  against  the  prejudice  so  created  in  his  own  mind, 
that  caustic  lime  ought  not  to  be  introduced  into  a  blast-furnace ; 
and  he  had  therefore  brought  this  paper  forward  to  show  that  there 
were  conditions  under  which  caustic  lime  if  properly  ai^plied  would 
give  more  than  the  theoretical  effect  due  to  the  saving  of  the  carbonic 
acid  expelled.  This  saving  was  clearly  shown  in  the  present  paper, 
and  in  page  600  was  given  a  detailed  explanation  of  the  0*63  cwt. 
extra  of  carbon  transferred  from  the  condition  of  carbonic  acid  to 
that  of  carbonic  oxide,  beyond  the  1  •  30  cwt.  which  obviously  might 
fairly  be  supposed  to  represent  the  difference  between  the  use  of 
limestone  and  of  lime.  He  had  therefore  considered  it  his  duty  to 
explain  that  there  was  something  to  be  done  with  caustic  lime  after 
all.  At  the  same  time  he  had  to  confess  to  its  not  being  altogether 
an  unmixed  advantage.  There  were  some  disadvantages  in  working 
on  lime ;  and  in  pages  601  and  602  he  had  endeavoured  to  point  out 
where  those  disadvantages  arose :  namely  that,  although  the  carbonic 
acid  of  the  limestone  had  been  got  rid  of,  and  had  thus  been 
precluded  from  exerting  any  mischievous  influence  in  the  red-hot 
region  of  the  furnace,  nevertheless  another  element  of  mischief  had 
been  introduced  in  the  shape  of  a  less  effective  reduction  of  the 
ironstone.  The  carbonic  acid  when  evolved  in  the  red-hot  region, 
whether  resulting  from  the  reduction  of  the  ironstone  or  from  the 
limestone,  was  equally  damaging  to  the  operations  of  the  furnace, 
by  causing  the  absorption  of  carbon  in  that  region.  Having  himself 
found  out  the  means  by  which  these  two  mischievous  influences 
could  be  separated  and  analysed,  so  as  to  say  weight  for  weight  what 
mischief  was  done  by  the  one  and  by  the  other,  the  main  object 
of  his  present  paper  was  to  indicate  clearly  the  separation  of  these 
two  items — the  carbonic  acid  of  reduction  and  the  carbonic  acid 
evolved  from  the  limestone — and  to  point  out  the  mischief  done 
respectively  by  each. 

As  to  any  challenge  (page  614)  on  the  subject  of  the  23*28  cwts. 
of  coke  consumed  when  limestone  was  used  and  only  19 '49  cwts. 
when  working  on  lime  (page  595),  he  could  only  say  this  was  a  matter 
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of  fact  which  he  could  not  dispute ;  he  had  found  it  on  the  face 
of  the  comparison,  and  had  endeavoured  to  explain  how  the  saving 
arose.  The  conditions  under  which  the  23  •  28  cwts.  of  coke  were 
being  consumed  when  working  on  limestone  were  the  same  as  those 
under  which  the  19-49  cwts.  were  being  consumed  when  working  on 
lime.  He  had  endeavoured  to  bring  these  facts  forward  as  clearly  as 
possible,  and  so  that  there  could  be  no  possibility  of  questioning  the 
conditions  under  which  the  experiments  were  made. 

As  to  that  perfect  reduction  of  the  ironstone,  which  Sir 
Lowthian  Bell  alleged  (page  615)  to  be  impossible  in  the  upper 
regions  of  the  blast-furnace,  he  must  say  that,  whatever  the  theory 
evolved  from  the  laboratory  might  be,  perfect  reduction  was 
possible  in  the  upper  regions,  and  was  possible  only,  so  far  as  he 
could  see  at  present,  by  the  use  of  limestone.  Thus  in  page  601 
he  had  pointed  out  that,  when  working  on  limestone,  the  proportion 
of  ironstone  reduced  in  the  cooler  regions  of  the  furnace  out  of 
contact  with  red-hot  coke  was  as  much  as  42*49  cwts.  per  ton  of 
pig-iron,  whilst  only  7  •  64  cwts.  passed  down  into  the  red-hot  zone  for 
reduction  there ;  whereas,  when  working  on  lime,  the  larger  figure  had 
fallen  to  35*84  cwts.,  and  the  smaller  had  risen  to  14*16  cwts.  In 
the  same  page  601  he  had  given  the  reason,  namely  that  the  use  of 
limestone  absolutely  created  an  amplified  reducing  region,  owing  to 
the  largely  increased  weight  of  carbonic  oxide  per  ton  of  pig-iron, 
which  was  obtained  from  the  carbonic  acid  of  the  limestone  and  was 
operating  in  favour  of  a  more  effective  reduction  of  the  ironstone. 
Hence  when  working  on  lime  the  furnace  was  robbed  of  so  much 
carbonic  oxide  in  the  reducing  region,  occasioning  thereby  a  loss 
in  the  reduction  of  the  ironstone  in  the  cool  region  of  reduction. 
On  the  other  hand  the  previous  expulsion  of  the  carbonic  acid  from 
the  flux  outweighed  favourably  the  disadvantage  in  reducing  the 
ironstone  less  efiiciently  :  so  that  on  the  whole  the  furnace  could 
carry  an  extra  burden,  and  produce  an  increased  outj)ut  of  iron  with 
an  economy  of  coke,  at  the  same  rate  of  driving.  He  claimed  only 
to  have  pointed  out  the  exact  limits  where  the  furnace  lost  in  the 
one  case  and  gained  in  the  other.  The  use  of  limestone  was  not  an 
unmixed  good,  and  it  was  not  an  unmixed  evil.     It  conferred  some 
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benefits ;  but  when  the  balance  of  benefits  and  evils  was  taken,  it 
was  in  favour  of  the  use  of  lime  to  the  extent  which  he  had  shown. 
If  only  the  mischief  due  to  the  diminished  weight  of  carbonic  oxide 
when  working  on  lime  could  have  been  avoided,  the  economy  of  coke 
would  have  been  more  than  3*75  cwts.  per  ton  of  pig-iron;  it 
ought  to  have  been  nearer  5  cwts.  than  3*75  cwts.,  had  he  succeeded 
in  the  best  anticipations  held  forth  in  his  former  paper  in  1883. 
In  his  present  paper  he  had  sought  to  show  wherein  he  had  failed 
and  how  far,  and  also  to  show  the  extent  to  which  he  had 
succeeded. 

In  regard  to  the  dissociation  of  carbonic  oxide  in  the  presence 
of  spongy  iron  at  a  high  temperature,  to  which  Sir  Lowthian  Bell 
had  referred  (page  615),  he  had  always  had  his  eye  upon  this, 
being  indebted  to  Sir  Lowthian  for  having  pointed  out  the  danger  of 
such  dissociation  in  the  upper  part  of  the  furnace ;  and  he  had 
himself  absolutely  ascertained  when  it  was  most  likely  to  occui-. 
The  experiments  he  had  made  were  free  he  believed  from  any 
dissociation  whatever  of  carbonic  oxide,  due  to  the  presence  of 
sjiongy  iron.  The  observations  made  daily  and  twice  a  day  had 
simply  been  rejected  whenever  the  furnace  was  working  irregularly 
and  when  the  dissociation  took  place.  It  had  puzzled  him  for  a 
couple  of  years  before  he  could  identify  Sir  Lowthian  Bell's 
laboratory  experiments  with  his  own  blast-furnace  experiments ;  and 
having  regarded  as  due  to  dissociation  of  carbonic  oxide  a  higher 
ratio  of  carbonic  acid  to  carbonic  oxide  than  what  could  be  due  to 
normal  work,  he  had  taken  no  notice  of  the  week's  or  month's 
observations  while  the  furnace  was  working  in  such  an  abnormal 
condition.  He  was  indebted  to  Sir  Lowthian  Bell  for  having 
pointed  out  that  dissociation ;  and  to  his  own  observations  for 
having  discovered  how  it  could  be  seen  in  the  blast-furnace. 
Moreover  in  reference  to  Sir  Lowthian's  Table  5,  page  616,  given  in 
confirmation  of  his  theory  that  dissociation  of  carbonic  oxide  took 
place  as  far  down  as  68  feet  depth,  he  would  venture  to  suggest  that 
the  true  source  of  the  slightly  increased  quantity  there  shown  of 
carbon  and  oxygen  in  the  gases  was  to  be  found — either  in  the 
carbonic  acid  contained  within  the  core  of  a  piece  of  limestone,  from 
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whicli  it  was  unexpelled  until  it  reached  tliat  great  depth  ;  or  in  the 
unreduced  core  of  a  j^iece  of  imperfectly  calcined  ironstone, 
containing  both  oxygen  and  carbon  ;  or  finally,  so  far  as  oxygen  was 
concerned,  in  the  unexpelled  oxygen  from  the  refractory  core  of  a 
fused  mass  of  ironstone. 

With  regard  to  the  coke  burned  in  the  cupola  (page  618), 
he  had  recalled  on  a  previous  occasion  (Proceedings  1883,  page 
135)  the  simj)le  law  to  which  attention  had  been  directed  several 
years  ago  in  the  journal  Iron  (5  January  1883,  page  19) :  namely 
that  at  a  temperature  of  about  2300^  Fahr.  or  between  1200° 
and  1300^  centig.  carbonic  acid  could  not  exist ;  it  was  dissociated 
instantly  into  carbonic  oxide  and  oxygen.  Hence  his  starting 
proposition  was  that  the  whole  of  the  coke  in  the  blast-furnace 
was  immediately  bui*ned  into  carbonic  oxide,  because  carbonic  acid 
could  not  exist  there.  The  conditions  of  a  cupola  were  precisely 
the  same;  carbonic  acid  could  not  exist  at  the  temperature  at 
which  it  was  necessary  to  melt  the  iron  and  slag  coming  down 
in  a  cujiola.  What  was  seen  any  evening  in  the  dusk  in  the 
beautiful  blue  flame  at  the  top  of  a  cupola  was  carbonic  oxide 
given  oif  free,  and  there  burning  into  carbonic  acid.  It  could  be 
seen  on  a  frosty  night  in  an  ordinary  coal  fire  in  the  house  :  the 
carbonic  oxide  was  creeping  away  from  the  coals,  and  had  to  rise 
two  or  three  inches  above  them  before  it  became  cool  enough  to 
burn  further  into  carbonic  acid.  The  carbonic  acid  could  not 
be  formed  until  the  carbonic  oxide  was  sufficiently  cooled  down  to 
unite  with  oxygen.  It  was  the  same  in  the  cupola  and  in  the  blast- 
furnace, in  which  the  carbonic  acid  was  dissociated  because  at  that 
temperature  it  could  not  exist  as  carbonic  acid ;  there  could  be 
nothing  but  carbonic  oxide  in  those  hot  regions.  Hence  he  had 
made  no  experiments  on  this  point,  believing  that  in  regular  work 
foundry  cupolas  could  be  found  to  melt  1  ton  of  pig-iron  with 
1  cwt.  of  coke,  exclusive  of  filling  in.  The  blast-furnace  ought  to 
melt  iron  with  1  cwt.  to  1-1  cwt.,  according  to  the  quality  of  the 
coke. 

On  the  subject  of  the  difference  (page  615)  in  the  working  of  the 
same  blast-furnace  on  limestone  with  the  moderate  consumption  in 


626  BLAST-FURNACE   PRACTICE.  OcT.  1889. 

(The  President.) 

May  1882  of  21 '45  cwts.  of  coke  per  ton  of  pig-iron  (Proceedings 
1883,  page  119),  as  coinj)arecl  with  tlio  23*28  cwts.  given  in  tlie 
present  paper  for  the  same  furnace  still  working  on  limestone,  ho 
would  refer  to  the  respective  analyses  of  the  workiug  of  the  furnace  at 
the  former  and  the  later  period  ;  and  would  call  attention  to  the  fact 
that  in  the  former  only  2*00  cwts.  of  carbon  suffered  transfer  from 
the  condition  of  carbonic  acid  to  that  of  carbonic  oxide,  against 
2  •  44  cwts.  in  the  later  period.  The  carbon  absorbed  by  the  carbonic 
acid  of  the  flux  was  in  1882  only  1*33  cwt.  instead  of  1*52  cwt., 
owing  to  an  increased  consumption  of  limestone  in  the  latter  case. 
The  slag  in  1882  absorbed  only  6-67  cwts.  against  7-11  cwts. 
latterly.  All  this  was  due  mainly  to  a  change  in  the  character  of 
the  ironstone  employed,  and  its  greater  richness  in  iron  in  1882.  No 
greater  confirmation  could  be  found  of  the  views  advanced  in  the 
present  paper  than  the  following  working  out  of  the  above  figures, 
bearing  in  mind  that  every  unit  of  carbon  once  existing  as  carbonic 
acid  and  afterwards  re-converted  into  carbonic  oxide  (page  592) 
represented  a  total  loss  to  the  furnace  efficiency  of  2*26  units  of 
carbon  burnt  into  carbonic  oxide: — { (2*44  —  2 '00)  -|-  (1'52  — 
1-33)  }  X  2-26  =  1'42  cwts.;  and  1-42  +  7-11  -  6-67  =  1-86 
cwts.  thus  accounted  for  as  the  difference  between  the  former  and 
the  later  working.  The  actual  difference  to  which  Sir  Lowthian 
Bell  had  drawn  attention  (page  615)  was  23-28  -  21-45  =  1-83 
cwts.,  which  was  due  solely  to  the  inferior  ironstone  employed  at 
the  later  period.  Thus  the  later  extra  consumption  of  coke  was 
fully  accounted  for. 

In  Mr.  Windsor  Bichards's  observations  (page  619)  he  found 
one  confirmation  of  his  own  results,  and  he  was  pleased  to  seize  it 
and  call  attention  to  it :  namely  that  he  admitted  an  increased  make 
from  6,505  to  7,220  tons  of  pig-iron  per  fortnight,  which  was  an 
increase  of  11  per  cent.  All  that  he  had  himself  claimed  in  his 
paper  (page  603)  was  14  per  cent.  The  failure  to  accomplish  at 
Eston,  in  proportion  to  the  quantity  of  flux  employed,  a  saving  of 
fuel  corresponding  with  that  which  he  had  realised  at  Ormesby, 
might  be  owing  to  the  fact  that  the  matter  was  one  requiring  the 
greatest  care  and  long  trial ;  and  he  had  no  doubt  further  experience 
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would  result  iu  an  economy  of  fuel  proportional  to  tlie  quantity  of 
limestone  employed  in  a  calcined  state. 

Sir  LowTHiAN  Bell  asked  whether  there  was  anything  peculiar 
in  the  mode  of  introducing  the  calcined  ironstone  into  the  furnace. 
Also  did  the  author  agree  that  the  330  x  20  =  6,600  calories  for 
melting  a  ton  of  pig-iron  should  be  divided  by  the  total  heating 
power  of  the  coke,  instead  of  by  2,473  only,  which  was  little  more 
than  one-third  of  the  total  heat-units  in  coke?  And  similarly  in 
regard  to  the  melting  of  the  slag  ? 

The  President  replied  that  the  ironstone  had  been  dealt  with 
throughout  the  paper  as  already  calcined  when  charged  into  the 
blast-furnace,  according  to  the  regular  practice. 

The  practical  heating  power  to  be  assigned  to  the  coke  for 
melting  the  iron  and  slag  was  the  old  vexed  question  on  which 
he  had  differed  from  Sir  Lowthian  Bell  from  the  outset.  In 
Sir  Lowthian's  practice,  as  was  evident  from  going  through 
his  papers,  if  a  certain  quantity  of  carbonic  acid  was  developed 
and  a  certain  quantity  of  carbonic  oxide,  he  had  taken  the  sum 
of  the  units  of  heat  developed  by  the  evolution  of  carbonic  acid 
and  by  the  evolution  of  carbonic  oxide,  and  had  divided  it  by 
the  total  quantity  of  coke  burnt,  and  had  regarded  the  quotient 
as  the  average  number  of  units  of  heat  to  be  accounted  for  in  the 
blast-furnace.  In  his  own  practice  however  the  very  first  thino- 
that  he  had  set  himself  to  do  had  been  to  cast  off  the  idea  that  any 
such  average  should  be  adopted ;  for  he  fancied  that  he  saw  that 
beneath  any  such  average  would  bo  buried  all  the  means  of 
ascertaining  what  was  at  j)resent  behind  the  veil.  Having  then 
cast  off  that  idea,  what  he  had  immediately  made  up  his  mind  to  do 
was  this :  the  blast-furnace  managers  did  not  deal  much  with  units 
of  heat,  but  they  could  see  and  know  the  value  of  each  cwt.  of  coke 
used  to  smelt  one  ton  of  iron  in  a  blast-furnace ;  and  if  there  was 
any  economy  possible,  they  would  take  care  to  seize  it.  Therefore, 
knowing  that  2,473  units  of  heat  were  developed  by  the  combustion 
of  carbon  into  carbonic  oxide,  and  that  all  fuel  reaching  the  tuyeres 
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was  there  burnt  into  carbonic  oxide,  he  had  adopted  carbonic 
oxide  as  the  solo  basis  for  calculation.  In  thus  abandoning  Sir 
Lowthian  Bell's  plan  of  averaging  the  heat-units  according  to  the 
amount  of  carbonic  acid  and  carbonic  oxide  conjointly,  he  had  had  to 
persuade  himself  against  Sir  Lowthian's  conviction  to  the  contrary ; 
and  the  present  paper  was  the  outcome  of  the  efforts  he  had  made  in 
this  direction. 

Taking  furnace  D,  which  Sir  Lowthian  Bell  had  quoted  (page  G14) 
from  Table  4  in  condemnation  of  the  method  of  calculation  followed 
in  the  paper,  and  accepting  his  total  of  90,057  calories  as  correct, 
the  division  of  this  number  by  the  standard  of  2,473  heat-units, 
developed  by  the  combustion  of  carbon  into  carbonic  oxide,  would 
give  the  total  result  of  36*42  cwts.  of  carbon  consumed  per  ton  of 
pig-iron,  instead  of  the  actual  consumj)tion  stated  in  the  table  of 
only  21*24  cwts.  of  coke.  The  36*42  cwts.  of  carbon  would  have 
been  the  consumption,  had  no  heat  been  carried  in  by  the  blast,  and 
had  no  carbonic  oxide  been  burnt  in  the  furnace  into  carbonic  acid 
with  its  consequent  extra  development  of  heat.  But  Table  4  showed 
that  94  cwts.  of  air  were  carried  into  furnace  D  at  a  temperature  of 
695''  ceutig.,  which  would  represent  94  x  695  x  0*  239 -^  2,473  = 
6*31  cwts.  of  carbon  burnt  into  carbonic  oxide.  It  had  further  been 
shown  in  the  paper  (page  592)  that  every  cwt.  of  carbon  burnt  from 
carbonic  oxide  into  carbonic  acid  must  save  1*26  cwt.  of  carbon 
burnt  into  carbonic  oxide  at  the  tuyeres ;  and  assuming  perfect 
reduction  of  the  ironstone  to  have  taken  place  in  furnace  D, 
6  *  04  cwts.  of  carbon  (page  593)  would  exist  as  carbonic  acid :  so  that 
the  economy  at  the  tuyeres  would  be  6*04  x  1*26  =  7*61  cwts.  of 
carbon  burnt  into  carbonic  oxide.  Hence  the  heat  carried  in  by  the 
blast  and  that  developed  by  combustion  of  carbonic  oxide  into 
carbonic  acid  would  be  together  equivalent  to  6*31-4-7  "61  = 
13*92  cwts.  of  carbon;  and  allowing  10  per  cent,  for  ash  in  the 
coke,  there  would  be  13*92  x  100  4-90  =15*47  cwts.  of  coke  to  be 
added  to  the  actual  consumption  of  21*24  cwts.  of  coke,  making  the 
total  of  36*71  cwts.  of  coke.  This  result  was  in  fair  agreement 
with  the  36*42  cwts.  of  carbon,  or  36*42  x  100-^90  =  40*47 
cwts.  of  coke,  which  he  had  calculated  from  the  total  of  90,057 
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calories  given  in  Table  4.  A  more  exact  comparison  could  not 
be  made  unless  all  tbe  conditions  of  working  in  furnace  D  were 
known. 

In  regard  to  Sir  Lowtbian  Bell's  doubt  (page  615)  about  tbe 
possibility  of  obtaining  perfect  reduction  of  tbe  ironstone,  be 
would  direct  attention  to  Professor  Griiner's  observation*  upon  tbe 
second  example  of  Sir  Lowtbiau's  own  practice  at  tbe  Clarence  Iron 
Works,  wberein  M.  Griiner  found  tbat  not  only  was  tbat  furnace 
reducing  perfectly  all  tbe  ironstone,  but  tbat  tbe  total  carbon 
absorbed  in  converting  carbonic  acid  back  into  carbonic  oxide  was 
actually  less  tban  existed  in  tbe  limestone,  wbicb  proved  tbat  tbe 
wbole  carbonic  acid  of  tbe  limestone  was  not  necessarily  converted 
into  carbonic  oxide  in  tbe  furnace.  It  was  to  tbis  sligbt  excess  of 
carbonic  acid  tbat  be  bad  made  reference  in  page  594  of  tbe  paper  as 
a  trifling  wave  of  carbonic  acid  removed  from  tbe  limestone  before  it 
reacbed  tbe  region  of  red-bot  coke ;  and  be  repeated  tbat  on  several 
occasions  be  bad  observed  a  like  condition  in  tbe  blast-furnace 
practice  at  Ormesby,  wbilst  from  tbe  nature  of  tbe  circumstances  it 
was  impossible  tbat  dissociation  of  carbonic  oxide  could  bave  entered 
prejudicially  into  tbe  case. 

Mr.  Joseph  Tomlinson,  Vice-President,  occupying  tbe  cbair 
during  tbe  discussion  upon  tbe  President's  paper,  bad  no  doubt  the 
Members  would  gladly  join  witb  bim  in  cordially  tbankiug  tbe 
President  for  bis  paper,  and  also  in  tbanking  Sir  Lowtbian  Bell  for 
bis  remarks  resjjecting  it.  Tbe  question  from  its  very  nature  was  a 
vexed  one,  as  to  wbat  went  on  inside  a  blast-furnace  of  80  feet  beigbt 
wben  it  was  in  full  work.  Tberefore  some  diversity  of  opinion  must 
be  expected ;  and  witbout  sucb  discussions  as  tbat  wbicb  bad  just 
taken  place,  tbe  degree  of  perfection  wbicb  bad  now  been  attained  in 
blast-furnace  working  could  not  bave  been  arrived  at.  He  feared 
tbe  President  and  Sir  Lowtbian  Bell  would  not  be  able  to  avail 
tbemselves  of  Mr.  Windsor  Kicbards's  offer  (page  620)  to  allow  tbem 

*  Griiner's  Studies  of  Blast-Furnace  Phenomena  ;  Gordon's  translation  (1873), 
§  17,  page  44,  foot-note. 
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to  experiment  on  tlic  blast-furnaces  at  Low  Moor,  because  M'lietlier 
open-topped  or  closed  they  did  not  work  with  hot  blast,  and 
therefore  the  circumstances  were  widely  different  from  those  of  the 
Cleveland  blast-furnaces. 
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DESCRIPTION  OF  A  EOTARY  MACHINE 
FOR  MAKING  BLOCK-BOTTOMED  PAPER  BAGS. 


Bt  Mr.  job  DUEEDEX,  of  Bcrxley. 
CojiMuxicATED  TiiKorGH  Mr.  HENRY  CHAPMAN. 


During  the  past  twenty  years,  and  perhaps  more  particularly  in 
the  last  two,  rapid  strides  have  been  made  in  bringing  the  industry 
of  Paper  Bag  Making  to  the  high  state  of  excellence  it  has  attained, 
€sj)ecially  in  Great  Britain  and  the  United  States  of  America. 
Previously  bag-making  was  carried  on  by  hand,  almost  identically 
in  the  manner  followed  centuries  ago ;  and  it  is  astonishing  to  find 
that,  almost  without  exception,  this  primitive  method  still  prevails 
throughout  the  whole  of  the  European  continent. 

Bag-maJdng  hy  Hand. — The  paper  having  been  cut  to  the 
particular  size  and  shape  required  is  sent  to  the  bag-maker,  who 
folds  it  with  the  aid  of  blocks ;  after  which  it  is  passed  on  to  be 
pasted,  and  then  to  be  dried.  The  highest  rate  at  which  the  bags 
can  be  so  produced]  is  about  300  per  hour,  as  compared  with  an 
average  of  7,000'per  hour  by  the  machine  about  to  be  described. 

Although  the  improvement  of  the  bag  machine  has  exercised  the 
mechanical  skill  of  many  celebrated  men,  yet  until  quite  recently 
the  essential  qualifications  have  not  been  realised  which  such  a 
machine  ought  to  possess^in  order  to  become  universally  applicable : 
namely  economical  production,  and  small  cost  of  construction,  together 
with  a  simplicity  not^boyond  the  intelligence  of  the  child  who  has  to 
attend  to  its  working.  Numerous  machines  are  in  existence,  most  of 
which  deserve  commendation  for  their  simplicity  and  high  productive 
power ;  but  none  of  them  it  is  believed  have  been  capable  of  makinfr 
on  the  rotary  principle  bags  of  different  widths  and  lengths  on  the 
same  machine ;  a  separate  machine  has  been  required  for  every  size 
made,  and  not   infrequently  more   than   one   machine   for  making 
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the  same  size  of  bag,  but  of  a  diflferent  quality  of  paper.  When  it 
is  considered  that  fi*om  twenty  to  thirty  different  sizes,  and  perhaps 
not  less  than  the  same  number  of  varieties  in  quality  of  paper,  are 
turned  out  in  a  mill  of  ordinary  capacity,  it  will  be  readily  seen  that 
the  original  outlay  necessary  for  providing  all  the  machines  required 
would  be  prohibitive  of  their  general  adoption. 

Bag-maldnrj  MacJiine.— The  machine  invented  by  the  author  is 
capable  of  producing  bags  from  any  description  and  quality  of  paper, 
no  matter  how  soft  or  how  stiff.  The  bags  vary  in  width  and 
length  from  4  x  5^  to  lOi^  X  14i  inches ;  and  all  sizes  are  made  both 
light  and  heavy,  thick  and  thin.  For  all  these  kinds,  as  well  as  for 
block-bottomed  or  oblong  bags  varying  both  in  length  and  width,  it 
is  only  necessary  to  have  two  machines,  the  smaller  jiroducing  bags 
varying  in  width  and  length  from  4  x  5^  to  6i  X  9 j  inches,  and 
the  larger  from  7x9^  to  10^  X  14.^  inches.  Between  the 
foregoing  dimensions  any  size  of  bag  can  be  produced,  the 
successive  sizes  varying  by  1-1  Gth  inch  in  width  and  ^  inch  in 
length  ;  this  is  an  exceptional  and  important  advantage.  Undue 
or  superfluous  pressure  on  the  sides  or  folds  of  the  bags, 
which  has  hitherto  been  a  serious  and  insurmountable  objection, 
causing  a  tendency  to  split  and  burst  when  being  filled 
with  goods,  is  entirely  obviated.  The  working  of  the  machine 
is  practically  noiseless ;  it  has  a  continuous  feed ;  no  folding 
plates  or  blocks  are  required ;  and  the  size  and  shaj)e  of  the 
bag  can  be  altered  at  pleasure  by  the  boy  or  girl  attendant  by 
simply  substituting  a  different  change-wheel,  whereby  the  speed  of 
the  draw-rolls  is  altered  relatively  to  that  of  the  cutter,  j)aster,  and 
folders.  The  machine  being  on  the  rotary  principle,  the  wear  and 
tear  of  its  parts  are  reduced  to  a  minimum.  A  space  of  15  feet  by 
Ah  feet  is  all  that  is  required,  including  the  drying  cylinder ;  less 
than  ^  HP.  is  sufficient  to  drive  the  machine,  and  either  gas  or 
steam  may  be  used  for  this  purpose.  All  these  are  necessary 
requirements  for  a  good,  cheaj),  economical,  and  thoroughly  efficient 
machine ;  the  most  important  are  speed  and  efficiency.  The 
speed  already  mentioned  of  7,000  bags  per  hour   means   say  120 
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per  minute,  or  two  per  second,  dry  and  ready  for  immediate  use. 
Tlie  specimens  of  bags  exliibited  testify  to  the  efficiency  of  the 
machine. 

JDescription  of  Machine. — A  horizontal  roll  of  paper,  of  a  width 
suitable  for  the  size  of  bag  required,  is  carried  on  bearings  in  the 
position  shown  at  A  in  the  elevation  and  plan,  Figs.  1  and  2, 
Plates  114  and  115.  As  the  paper  is  drawn  forward,  paste  is 
aj)plied  to  the  margin,  in  the  exact  position  required  and  with 
suitable  pressure,  by  the  adjustable  paster-wheel  B.  In  its  further 
traverse,  the  paper  passes  over  the  longitudinal  central  tube- 
former  C,  which  is  less  than  half  the  width  of  the  pajier;  the 
overhanging  edges  of  the  web  of  paper  consequently  droop  on  each 
side,  and  thus  cause  the  flat  band  of  paper  to  assume  an  inverted 
trough-like  form,  which  is  gradually  closed  in  underneath  the 
tube-former  to  the  shape  shown  in  the  transverse  section.  Fig.  4, 
Plate  116,  by  means  of  side  fingers  and  guide  brackets  in  connection 
with  the  central  tube-former  C.  While  in  this  position  a  semi- 
circular cut  is  made  by  a  cutter  T,  Figs.  1  and  2,  to  form  a  lip 
or  thumb-piece  at  the  front  end  of  each  bag,  Fig.  5,  Plate  117, 
"which  end  is  afterwards  folded  over  to  form  the  bottom  of  the  bag ; 
while  the  corresponding  notch  at  the  back  end  is  useful  for  readily 
finding  the  opening  or  mouth  of  the  bag.  "When  the  paper 
reaches  the  fii'st  pair  of  draw-rolls  D,  Fig.  3,  it  has  assumed  the 
necessary  tubular  shape  in  its  passage  over  the  tube-former  C ; 
the  dry  margin  is  here  closed  over  the  pasted  margin  and 
pressed  between  the  rolls  D,  securing  the  longitudinal  seam  of 
the  bag.  On  arriving  at  the  severing  rolls  E,  it  first  passes 
free  between  them,  without  being  as  yet  severed  into  the  length 
required. 

The  tucker-blade  M  sliding  in  curved  slots,  in  conjunction  with 
the  tucker  or  inclined  finger  N,  Fig.  3,  Plate  116,  for  the  formation 
of  the  first  or  diamond  fold,  Fig.  6,  is  so  arranged  that  the  edges  of 
the  paper  at  the  centre  of  the  fold  may  be  drawn  more  closely 
together  to  produce  a  square  bottom.  The  tube  of  paj)er  is 
sujiported,   from   the   first   draw-rolls   D   to    the    tucker  N,   by   a 
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longitudinal  reciprocating  distending-rod  G,  the  fore  end  of  wliicL, 
being  fitted  witli  a  pair  of  flat  springs  expanding  outwards,  as  shown 
in  Fig.  3,  causes  the  forward  end  of  the  tube  to  gape  open  for  the 
reception  of  the  tucker  N. 

The  tucker  having  laid  and  carried  the  diamond  fold  to  the  bite 
of  the  second  pair  of  draw-rolls  F,  Fig.  3,  Plate  116,  the  paper  tube 
is  now  immediately  severed  by  the  pair  of  severing  rolls  E.  At  the 
same  time  paste  is  being  aj)plied  to  the  central  portion  of  the 
primary  diamond-shaped  fold  by  a  segmental  paster-block  I,  Fig.  10, 
Plate  117,  fixed  upon  the  shaft  of  the  upper  roll  F ;  the  paster-block 
I  is  situated  centrally  between  the  two  loose  sections  composing  the 
top  roll  of  the  second  pair  of  rolls  F,  which  are  driven  at  the  same 
surface  speed  as  the  first  pair  of  draw-rolls  D.  The  paste  is  applied 
to  the  diamond  fold  along  the  lines  a  a  shown  in  Fig.  6.  The 
segmental  paster-block  I  receives  paste  from  a  paste  trough  H 
through  the  medium  of  a  feed  roller  E  communicating  directly  with 
the  interior  of  the  trough,  into  which  it  protrudes ;  the  supply  of 
paste  is  regulated  by  a  slide  plate  at  the  bottom  of  the  trough,  by 
adjusting  the  plate  as  required  nearer  to  or  further  from  the  roller. 

The  length  of  the  bag  is  determined  by  the  increased  or 
diminished  sj)eed  of  the  two  pairs  of  draw-rolls  D  and  F  in  excess  of 
that  of  the  severing  rolls  E.  The  speed  of  the  latter  may  be 
increased  or  diminished  immediately  before  or  during  the  severance 
of  the  bag  from  the  paper  tube,  in  accordance  with  the  speed  of 
traverse  of  the  tube.  For  this  purpose,  two  discs  K  and  L  are 
secui'ed  upon  two  separate  shafts.  Figs.  11  to  14,  Plate  117,  one 
disc  L  being  provided  with  a  slot  in  which  a  pin  on  the  other  disc  K 
is  capable  of  working  in  such  a  manner  that,  when  the  centre  of 
one  shaft  is  lowered  beyond  the  other,  a  variable  motion  will  be 
transmitted  to  the  slotted  disc  L,  which  is  secured  to  the  severing 
rolls  E  and  actuates  them  accordingly  in  each  revolution  at  a 
varying  speed,  quickest  at  the  moment  of  severing  the  bag.  The 
segmental  paster-block  I  and  the  pair  of  severing  rolls  E  complete 
one  revolution  for  one  bag,  whatever  its  length.  As  already  stated 
the  length  is  determined  by  the  surface  speed  of  the  two  pairs  of 
draw-rolls,    and    this    speed   is   increased    or    diminished    by   the 
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substitution  of  a  change-wheel  of  larger  or  smaller  diameter,  as  may 
be  required  for  the  length  of  the  bag  to  be  made. 

To  complete  the  formation  of  the  bag,  the  two  cross-folds  or  V 
shaped  overlaps  of  the  bottom  are  yet  to  be  laid.  These  are  now 
creased  or  laid  by  two  folding  blades,  each  acting  between  the  nip  of 
two  rolls,  Fig.  3,  Plate  116;  the  folder  P  and  roller  U  form  the 
first  bottom  fold,  as  shown  in  Fig.  7,  Plate  117 ;  the  second  bottom 
fold  is  formed  by  the  folder  Q  and  roller  V,  as  shown  in  Fig.  8, 
which  is  done  by  folding  over  also  the  bag  itself  bodily,  thereby 
forming  a  blank  or  blind  fold  in  the  body  of  the  bag.  On  leaving 
the  roller  V,  this  blank  fold  of  the  bag  partially  springs  open ;  it  is 
therefore  fully  opened  and  finally  flattened  out  whilst  the  bag  is 
being  conveyed  by  the  travelling  felt  W  from  the  machine  to  the 
drying  cylinder,  as  shown  in  Figs.  1  and  2,  Plates  114  and  115,  and 
more  completely  in  Figs.  15  and  16,  Plate  118.  The  bag  has  then 
assumed  the  shape  shown  in  Fig.  9,  Plate  117,  with  both  angular 
overlaps  cemented  by  the  paste  to  the  body  or  primary  fold  of 
the  bag. 

As  the  whole  of  the  various  operations  of  pasting,  cutting,  and 
folding,  are  efiected  during  the  uninterrupted  continuous  traverse  of 
the  paper  through  the  machine,  a  very  considerable  increase  is 
thereby  realised  in  the  number  of  paper  bags  manufactured  per  hour, 
with  the  additional  advantages  of  economy  in  working  and  in  cost  of 
construction  of  the  machine. 
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Discussion. 

The  President  said  the  author  of  the  paper  was  unable  to  be 
present,  being  still  iu  Paris  with  one  of  these  bag-making  machines 
at  work  in  the  Exhibition,  where  many  of  the  Members  had  had  the 
opportunity  of  witnessing  its  working  at  the  time  of  the  recent 
Summer  Meeting  there.  In  his  absence  however,  the  makers  and 
proprietors  of  the  machines,  Messrs.  Bibby  and  Baron,  of  Burnley, 
were  represented  by  Mr.  Bibby,  and  by  Mr.  Pearson  of  Messrs. 
Pearson  Kichmond  and  Co.,  Burnley. 

Mr.  James  T.  Peakson  exhibited  an  extensive  collection  of  the 
bags  made  by  the  machine,  ranging  from  4  x  5^  to  lO^  X  14^ 
inches  in  width  and  length,  and  made  of  various  qualities  of  paper, 
thick  and  thin,  strong  and  tender,  coarse  and  fine.  He  showed  also 
a  complete  series  of  progressive  specimens  stopped  at  the  successive 
stages  of  the  process,  so  as  to  illustrate  the  exact  operation  performed 
by  the  machine  at  each  stage  in  the  continuous  progress  of  the  work, 
during  the  gradual  transformation  of  the  original  flat  band  of  paper 
into  the  finished  block-bottomed  bag  with  all  the  folds  completed 
and  pasted. 

Mr.  Henry  Chapman  said  all  the  facts  announced  in  the  paper 
could  be  proved ;  and  any  one  who  had  seen  the  machine  at  work  in 
the  Paris  Exhibition  must  have  remarked  how  easily  it  was  attended 
to  by  a  young  girl.  The  machine  itself  had  obtained  a  gold  medal, 
notwithstanding  that  there  had  been  competitors,  both  French  and 
American  exhibitors,  who  only  got  silver  medals ;  and  a  silver  medal 
had  also  been  given  to  the  inventor  as  a  special  mark  of  api^robation. 
It  was  certainly  considered  to  be  the  best  bag-making  machine  ever 
exhibited,  and  he  might  safely  say  that  it  was  the  best  one  known  at 
the  present  day. 


The  President  asked  if  he  had  seen  the  machine  running   at 
7,000  bags  an  hour. 
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Mr.  Chapman  reijlied  tliat  lie  had  seen  it  running  at  a  speed  of 
140  bags  per  minute,  whicli  would  be  at  the  rate  of  8,400  an  hour ; 
but  the  real  commercial  speed  was  about  120  bags  per  minute.  For 
Lis  own  satisfaction  he  had  had  the  machine  run  up  to  140  bags  per 
minute ;  and  at  that  speed  its  working  was  as  satisfactory  in  all 
respects  as  at  the  regular  commercial  speed  of  120  per  minute,  or 
7,200  per  hour. 

Mr.  Jebemiah  Head,  Past-President,  asked  whether  the  paper 
used  was  of  any  particular  sort.  Thirty  or  forty  years  ago  paper  had 
generally  been  made  of  rags ;  but  since  those  days  it  had  come  to  be 
made  of  grass,  of  straw,  and  even  of  wood.  He  had  been  trying  by 
hand  some  of  the  specimen  bags  shown,  and  he  found  that  they  were 
very  strong.  The  paper  on  which  some  newspapers  were  now 
printed  would  scarcely  bear  any  tension  whatever  by  hand.  In  the 
case  of  the  bags  exhibited,  the  edges  were  wetted  with  paste  at  some 
parts  of  their  travel ;  and  it  would  seem  as  if  there  must  be  a 
considerable  amount  of  fibre  in  the  paper  to  stand  both  dry  and  wet 
the  operation  of  manufacture  into  bags  by  the  machine,  and  also  to 
stand  the  pressure  of  the  goods  in  the  finished  bags  afterwards. 

Mr.  Edward  B.  Marten,  Member  of  Council,  asked  whether  the 
cut  at  the  ends  of  the  bags,  for  severing  them  from  the  continuous 
band  of  paper,  was  purposely  notched  along  the  edge ;  and  what 
was  the  object  of  the  edge  being  notched.  Did  the  travel  of  the 
bag  stop  while  it  was  being  cut  across,  or  was  it  a  continuous 
motion  throughout  without  any  pause  ? 

Mr.  Chapman  replied  that  the  travel  of  the  bag  was  continuous 
without  any  pause.  The  notched  edges  where  the  bags  were  severed 
across  were  purposely  made  so  by  a  serrated  cutter  in  the  upper  roll 
of  the  pair  of  severing  rolls ;  the  serrated  cutter  coming  into  operation 
at  the  right  moment  in  the  revolution  pierced  through  the  paper  first 
at  the  points  of  the  serrations,  and  then  cut  through  it  along  the 
inclined  lines  to  the  bottoms  of  the  notches;  and  as  the  severing 
rolls  were  running  in   that   part   of  their  revolution  at  a  slightly 
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higher  speed  than  the  draw-roUe,  the  paper  was  immediately  torn 
asunder  across  its  entire  width  by  the  pull  of  the  cutter  upon  the 
paper,  which  was  not  running  at  that  moment  quite  so  quick  as 
the  severing  rolls. 

Professor  Alexander  B.  W.  Kennedy,  Member  of  Council,  hoped 
it  would  not  he  thought  that  the  value  of  the  paper  was  to  be 
estimated  in  proportion  to  the  amount  of  discussion  upon  it.  The 
Members  of  the  Institution  he  was  sure  would  agree  in  considering 
that  it  was  a  paper  of  a  highly  valuable  character  ;  and  they  did  not 
show  their  respect  for  it  the  less  because  they  did  not  'attempt  to 
discuss  a  machine  of  so  special  a  kind,  which  was  seen  by  the 
work  it  turned  out  to  be  so  admirably  contrived  for  the  purpose 
intended. 

Mr.  Perry  F.  Nursey  said  one  of  the  bags  which  he  had  just 
examined  was  made  of  a  decidedly  inferior  quality  of  paper.  It  was  so 
soft  that  he  should  think  it  would  get  much  damaged  in  the  machine 
if  the  action  throughout  were  not  very  perfect. 

Mr.  Arthur  Paget,  Vice-President,  had  also  found  among  the 
specimens  exhibited  bags  made  of  paper  which  was  so  easily  torn  that 
it  seemed  difficult  to  handle  them  at  all  without  risk  of  tearing  them. 
What  had  struck  him  as  the  most  ingenious  of  the  many  ingenious 
contrivances  in  the  machine  was  the  method  of  turning  over  the  last 
fold  for  completing  the  closing  of  the  bottom  cf  the  bag,  as  this  fold 
could  not  be  folded  up  from  behind.  The  only  doubt  that  occurred 
to  him  was  whether  there  might  be  an  occasional  failure  in  the  blank 
fold  to  open  out  again  as  it  was  required  to  do  after  passing  the  last 
roller.  He  asked  whether  a  peculiarly  quickly  acting  quality  of 
paste  was  required  for  ensuring  that  the  last  flap  should  always 
stick,  without  liability  to  miss  being  brought  back  again  with  the 
blank  fold  when  the  latter  Avas  opened  out;  and  whether  any 
special  means  were  provided  for  ensuring  that  the  blank  fold 
itself  should  always  be  brought  back  again  and  opened  out.  The 
plan  was  most  ingenious ;  and  if  it  did  not  require  special  paste, 
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and   was  not    liable  to   failure,  lie   thought    it   was   worthy  of  all 
praise. 

Mr.  James  T.  Pearson  said  that  various  descriptions  of  paper 
made  in  England  were  made  from  rags ;  and  paper  was  also  made 
from  wood  pulp,  which  gave  it  a  very  stiff  quality.  The  bag  machine 
was  capable  of  making  bags  from  all  the  various  kinds  of  paper.  As 
to  the  thinnest  quality,  if  the  paper  would  hold  goods  at  all  after 
the  bag  had  been  made,  the  bag  machine  would  make  it.  The 
serrated  edge  of  the  paper  was  made  by  a  knife  which  of  course  had 
itself  a  serrated  cutting  edge,  and  it  was  found  that  this  was  the  best 
means  of  severing  the  paper  ;  that  was  the  only  reason  for  the  edges 
being  serrated.  The  thumb-notch  was  to  facilitate  opening  the 
mouth  of  the  bag ;  on  placing  the  thumb  in  the  notch  and  waving 
the  bag  briskly  in  the  air,  the  mouth  of  the  bag  would  open  itself  at 
once.  The  blank  or  blind  fold  was  opened  out  and  drawn  back 
into  its  proper  position  while  the  bag  was  being  conveyed  by  the 
travelling  bands  to  the  drying  cylinder. 

Mr.  John  T.  Bibby  further  explained  that,  after  the  blind  fold 
had  been  made,  the  bag  dropped  from  the  roller  V,  Fig.  16,  Plate  118, 
and  fell  upon  a  travelling  felt  W,  which  carried  it  forwards  to  the 
drying  cylinder.  In  dropping  upon  the  felt  from  the  roller  V,  the 
bag  fell  bottom  foremost  and  with  the  blind  fold  uppermost :  so 
that  the  blind  fold  was  free  to  recover  itself  and  open  out  again  to 
about  a  right-angle  from  the  body  of  the  bag ;  while  the  paste  being 
pretty  strong  was  just  able  to  hold  down  the  last  bottom  fold,  for 
the  sake  of  which  the  blind  fold  had  been  made.  Above  the  felt 
was  a  pair  of  inclined  strings  S,  sloping  downwards  towards  the 
felt  W,  and  running  in  the  same  direction,  but  just  a  little  quicker  : 
so  that,  as  soon  as  ever  the  partly  opened  blind  fold  touched  the 
strings,  it  was  gradually  pulled  over  and  fully  opened  out  flat  upon 
the  felt  by  the  quicker  speed  of  the  strings.  This  plan  answered 
so  well  that  practically  the  blind  fold  never  missed  being  opened 
out  flat  in  the  regular  working  of  the  machine.  In  the  works  of  his 
firm  it  was  customary  to  run  the  machine  at  from  120  to  150  bags 
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per  minute.  "Whenever  any  visitors  had  come  to  look  at  it  and  had 
eoimted  the  number,  they  had  always  found  it  was  going  at  a  higher 
rate  than  that  stated  in  the  paper. 

In  the  severing  of  the  bags  the  cutting  was  continuous  along  the 
zigzag  lino  of  severance,  in  consequence  of  the  knife  being  serrated 
along  its  cutting  edge.  If  made  with  a  straight  plain  edge,  the  knife 
would  not  bo  able  to  cut  through  the  paper  all  at  once :  but  with  a 
serrated  edge  it  cut  through  it  more  gradually,  at  the  points  of  the 
serrations  first  and  afterwards  through  the  rest  of  the  zigzag. 

One  of  the  most  ingenious  things  about  the  machine  was  the 
segmental  paster-block,  shown  at  I  in  Fig.  10,  Plate  117.  The  two 
outside  rollers,  forming  together  the  top  roller  of  the  second  pair  of 
draw-rolls  F,  ran  loose  on  the  same  shaft  on  which  the  paster-block  I 
was  fixed  between  them;  but  if  the  paster-block  ran  at  the  same 
speed  as  the  outside  rollers,  it  would  simply  make  a  mess  of  the  bag 
by  pasting  too  great  a  length  of  it,  because  the  outside  rollers  had  to 
run  more  than  once  round  for  each  bag ;  the  paster-block  always  ran 
exactly  once  round  for  each  bag,  while  the  outside  rollers  had  to 
run  faster,  and  at  different  speeds  for  the  different  lengths  of  bags. 
This  necessitated  the  peculiar  construction  shown  in  Fig.  10,  with 
the  shaft  so  arranged  that  the  outside  rollers  ran  loose  upon  it.  The 
paste  used  was  ordinary  paste,  made  only  of  flour  and  water. 

The  Pkesident  fully  concurred  in  the  opinion  expressed  by 
Professor  Kennedy,  that,  although  the  paper  was  not  one  which  Avas 
open  to  much  discussion,  yet  its  merits  would  be  appreciated  none 
the  less  by  the  Members,  because  it  appealed  so  simply  to  their  sense 
of  what  was  suitable  for  a  machine  that  was  required  to  be  quick  and 
efficient  in  its  action.  They  would  all  join  with  him  he  was  sure 
in  a  hearty  vote  of  thanks  to  Mr.  Duerden  for  his  paper,  and  to 
Mr.  Pearson  and  Mr.  Bibby  for  the  capital  collection  of  specimens 
by  which  it  was  so  completely  illustrated. 
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FUETHER  EXPEEIMENTS  ON 

CONDENSATION  AND  EE-EVAPOEATION  OF  STEAM 

IN  A  JACKETED   CYLINDEE. 


By  Major  THOMAS  ENGLISH,  E.E., 

Superintendent,  Koyal  Carriage  Department,  Woolwich. 


The  author  has  recently  been  able  to  utilize  a  series  of  trials, 
made  in  the  Eoyal  Carriage  Department  at  Woolwich  Arsenal,  in 
an  attempt  to  ascertain  the  amount  of  Initial  Condensation  and 
subsequent  Ee-evaporation  of  Steam  in  a  jacketed  Cylinder  ;  and  he 
has  now  the  pleasure  of  laying  the  results  before  the  Institution  in 
continuation  of  his  paper  on  the  same  subject  read  in  September 
1887  (Proceedings  page  503). 

The  engine  with  which  the  trials  were  made  is  a  double-cylinder 
one  of  16  nominal  horse-power,  made  by  Messrs.  Marshall  Sons  and  Co. 
of  Gainsborough,  and  is  used  in  the  Eoyal  Carriage  Department 
for  factory  purposes,  and  occasionally  for  electric  lighting.  The 
cylinders  are  horizontal  and  attached  to  a  wrought-iron  framing 
underneath  the  boiler,  each  being  10  inches  diameter  and  14  inches 
stroke  ;  the  piston-rods  of  1  •  6  inch  diameter  pass  through  one  end 
only,  and  are  connected  to  a  double-throw  crank-shaft  with  a 
fly-wheel  5h  feet  diameter  on  one  end.  The  power  is  taken  by 
means  of  a  belt  from  a  pulley  4  ft.  2  ins.  diameter  on  the  other  end 
of  the  crank-shaft.  The  main  slide-valves  are  of  ordinary  pattern, 
flat-faced,  double-ported,  with  0-7  inch  outside  lap,  0-125  inch 
inside  lap,  and  2  •  6  inches  travel ;  the  angular  advance  of  the 
main  eccentrics  is  30''.  Flat-faced  expansion-valves  with  no  lap 
work  on  the  back  of  the  main  valves,  over  ports  measuring  8  •  625 
inches  by  0*625  inch;  and  the  cut-off  is  automatically  regulated 
by  the  action  of  a  governor  lifting  at  about  206  revolutions  per 
minute,  and  shifting  the  expansion-valve  connecting-rod  in  a  slotted 
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lever,  which  works  on  a  fixed  pin  at  one  end,  and  is  actuated  at  the 
other  by  an  eccentric  set  at  131°  angular  advance  with  2*75  inches 
throw. 

The  mean  clearance  volume  in  each  cylinder  is  0-051  cub.  ft, 
or  0*081  of  the  volume  swept  through  per  stroke,  which  is  0-628 
cub.  ft.  The  clearance  surface  is  2-30  sq.  ft.,  and  the  surface 
exposed  during  the  stroke  is  3-05  sc[.  ft. 

The  load  on  the  engine  during  the  experiments  consisted  of  one 
Brush  dynamo,  running  light  at  about  680  revolutions  per  minute, 
and  one  Crompton  dynamo  running  at  825  revolutions  per  minute, 
and  driving  from  three  to  fifteen  arc-lamps,  with  a  potential  of  165 
volts  and  a  current  of  110  amperes  under  the  full  load,  the  engine 
running  at  about  120  revolutions  per  minute.  Indicator  diagrams 
were  taken  from  each  end  of  each  cylinder,  with  two  Richards 
indicators  having  springs  of  48  lbs.  jier  inch,  and  two  Crosby 
indicators  having  springs  of  50  lbs.  per  inch. 

The  cylinders  themselves  are  liners,  0*625  inch  thick,  inserted 
in  a  single  casting,  which  forms  the  jacket,  and  is  supplied  with 
steam  coming  direct  from  the  boiler,  separately  from  that  used  in. 
the  engine.  The  jacket  is  of  about  0  -  35  cubic  foot  capacity,  and  is 
provided  with  a  drain  cock  at  the  lowest  point,  from  which  the 
condensed  water  was  collected  by  means  of  a  steam  trap.  About 
7*3  square  feet  of  the  exterior  surfaces  of  the  two  cylinders  are 
exposed  to  the  jacket  steam. 

The  boiler  is  of  locomotive  type,  with  a  grate  area  of  10*5  square 
feet ;  the  firebox  is  of  iron,  measuring  3  ft.  0  in.  by  3  ft.  4  ins.  by 
3  ft.  2  ins.  deep  to  the  bars.  The  heating  surface  is  285  sq.  ft., 
including  the  firebox  above  the  bars,  and  fifty  iron  tubes,  2  -  5  inches 
outside  diameter  and  7  ft.  10  ins.  long.  The  surface  covered  with 
non-conducting  material  is  118  sq.  ft.,  and  the  uncovered  surface  of 
the  firebox  is  44  sq.  ft.  The  boiler  is  ordinarily  lagged  with  wood 
covered  with  sheet  iron ;  but  the  wood  was  removed  during  the 
progress  of  the  trials,  and  various  other  non-conducting  materials 
were  substituted  for  it,  the  primary  object  of  the  experiments  being 
to  determine  the  relative  values  of  these.  The  average  evaporation 
per  lb.  of  Barnsley  hard  steam  coal  was  8  •  43  lbs.  of  water  from  and 
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at  212'  Falir.,  the  rate  of  combustion  with  full  load  being  about 
14-2  lbs.  per  square  foot  of  grate  per  hour.  The  feed  pump, 
consisting  of  a  single-acting  plunger  3  inches  diameter  and  3  •  375 
inches  stroke,  was  driven  continuously  by  the  engine,  the  excess  of 
water  not  required  for  the  feed  being  returned  to  the  feed  tank. 
Steam  for  the  blast,  when  required,  was  obtained  from  an  adjacent 
boiler. 

The  steam  passing  through  the  engine  was  led  through  an 
exhaust  pipe  4  inches  diameter  and  17  feet  long,  to  the  same  surface- 
condenser  which  was  used  in  the  author's  previous  experiments. 
The  details  of  this  condenser,  which  was  worked  by  a  separate 
boiler,  are  given  in  his  former  paper  (Proceedings  1887  page  479), 
and  it  is  therefore  unnecessary  to  repeat  them  here. 

In  order  to  measure  as  accurately  as  practicable  the  quantity  of 
feed-water  used,  it  was  determined  to  weigh  both  the  feed-water  into 
the  boiler,  and  also  the  condensed  water  after  passing  through  the 
engine.  For  this  purpose,  the  feed  tank,  containing  about  200  gallons, 
was  mounted  on  a  weighing  machine,  and  filled  by  a  hose ;  the 
collecting  tank  from  the  condenser,  also  holding  about  200  gallons, 
was  similarly  mounted  on  a  weighing  machine;  and  small 
supplementary  tanks  were  provided,  into  which  the  feed  suction 
pipe  and  condensed-water  collecting  pipe  could  be  diverted,  whilst 
the  main  tanks  were  being  refilled  or  emptied  respectively  during  a 
trial. 

As  the  object  of  the  trials  was  twofold — firstly  to  ascertain  the 
weight  of  water  evaporated  per  pound  of  coal,  and  secondly  to 
ascertain  the  weight  of  water  used  per  stroke  of  the  engine — the 
following  method  was  adopted.  Steam  having  been  raised  to  the 
required  pressure,  the  engine  was  run  with  the  load  on,  and  the  fire 
was  allowed  to  burn  down  until  as  little  as  possible  remained  in  the 
grate,  and  the  steam  pressure  began  to  drop  ;  firing  was  then 
commenced  with  weighed  coal,  and  the  weights  of  water  in  the  feed 
tank  and  in  the  collecting  tank  were  noted.  When  the  fire  had  been 
got  into  a  proper  condition  for  maintaining  a  steady  pressure  of  steam, 
a  counter  was  connected,  and  the  weights  of  tanks  were  again  noted. 
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The  counter  was  clisconnected  after  a  prcviouRly  arranged  number  of 
minutes  had  elapsed,  and  the  weights  of  the  tanks  were  noted ;  the 
diflference  between  these  and  the  weights  at  the  commencement  was 
taken  as  the  weight  of  water  used  during  the  number  of  revolutions 
indicated  by  the  counter.  The  running  of  the  engine  was  continued 
until  the  steam  pressure  again  began  to  drop,  and  the  fire  had  got  as 
nearly  as  practicable  into  the  same  condition  as  at  the  commencement; 
the  weight  of  coal  used  was  then  noted.  The  weights  of  the  tanks 
were  also  noted  at  this  time,  and  the  difierenco  from  the  weight 
at  the  commencement  of  firing  with  weighed  coal  was  taken  as  the 
weight  of  water  evaporated  during  the  trial.  Any  calculated  amount 
due  to  difference  of  height  in  the  gauge  glass  was  added  to  or 
subtracted  from  the  weight  of  the  feed  tank,  as  required.  The 
result  of  this  double  system  of  weighing  has  certainly  been  to 
confirm  the  opinion  expressed  by  the  author  in  his  previous  paper, 
that  the  weight  of  water  used  can  be  obtained  more  accurately  from 
a  collecting  tank  than  from  a  feed  tank ;  and  the  weights  employed 
in  the  calculations  are  those  obtained  from  the  collecting  tank,  with 
one  exception,  No.  26,  when  a  leakage  through  the  condenser  was 
detected.     (See  appended  Tables  9  and  10,  pages  658-669.) 

Indicator  diagrams  were  taken  as  frequently  as  practicable,  not 
less  than  sixteen  during  any  one  trial ;  and  the  indicator  springs 
have  been  subsequently  tested  and  found  correct.  Fifty-five  trials 
in  all  were  made,  out  of  which  the  first  eight,  and  five  of  the 
remainder  were  rejected  for  doubtful  measurements,  leaving  forty-two 
of  which  the  results  are  here  recorded  (Plates  119  to  127);  the 
duration  of  each  trial  was  between  one  and  six  hours.  The 
tightness  of  the  condenser  was  tested  in  every  trial,  and  the  engine 
was  maintained  in  good  running  order  throughout. 

In  certain  of  the  trials,  Nos.  30  to  35  and  37  to  39,  an  auxiliary 
slide-valve  was  fitted,  communicating  with  each  end  of  each  cylinder 
by  pipes  furnished  with  a  stop  cock,  by  means  of  which  a  graduated 
amount  of  atmospheric  air  was  admitted  to  the  cylinder  during  the 
exhaust,  and  was  comj)ressed  together  with  the  steam,  the  object 
being  to  ascertain  whether  the  initial  condensation  could  be  reduced 
by  this  means.     This  proved  to  be  the  case,  but  the  resulting  gain 
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in  economy  of  steam  consumed  was  almost  exactly  counterbalanced 
by  the  increased  back-pressure. 

Twenty-one  of  the  trials  were  made  with  circulation  of  steam 
through  the  jacket,  and  twenty-one  with  the  drain  cock  shut. 
Nos.  45  and  55  of  the  former  and  Nos.  39  and  40  of  the  latter,  made 
with  a  very  light  load  and  consequent  small  consumption  of  steam 
per  stroke,  gave  results  which  showed  that  the  steam  was  being 
sensibly  superheated,  presumably  by  the  heat  of  the  smoke-box 
which  envelopes  the  steam  supply. 

Three  trials  (Nos.  18,  21,  and  22)  with  circulation  through  the 
jacket,  and  three  (Nos.  23,  24,  and  25)  with  the  drain  cock  shut,  were 
made  with  the  air-pump  of  the  condenser  disconnected,  and  therefore 
condensing  at  atmospheric  pressure. 

The  indicator  diagrams  from  each  trial  were  dealt  with  as 
follows.  The  initial  pressure,  the  terminal  pressure,  and  the 
pressures  during  the  expansion  at  two  intermediate  points  marked  A 
and  B  (Plates  119  to  127),  were  measured  on  each  diagram,  and  the 
average  results  were  taken  for  the  forward  pressures  at  these  points. 
All  the  diagrams  were  measured  with  a  planimeter,  to  obtain  the 
mean  forward  pressure ;  and  a  diagram  corresponding  as  nearly  as 
possible  with  the  average  result  thus  obtained,  and  not  remarkable  in 
any  other  way,  has  been  selected  as  the  mean  diagram  rejDresenting 
each  trial.  This  has  been  done  in  preference  to  reconstructing  the 
mean  diagram  from  average  measurements,  as  the  author  believes 
that  most  engineers  who  wish  to  analyse  the  trials  would  prefer  an 
actual  average  diagram  drawn  by  the  engine  itself,  to  a  reconstructed 
one.  The  calculations  made  to  obtain  the  observed  condensation 
have  been  carried  out  in  precisely  the  same  way  as  that  detailed  in 
the  author's  previous  paper  (Proceedings  1887  page  492),  and  need 
not  therefore  be  further  described. 

All  the  results  obtained  are  shown  in  Table  9,  and  the  mean 
diagram  representing  each  trial  is  shown  in  the  upper  part  of 
Plates  119  to  127.  The  average  results  of  each  series  in  which  the 
conditions  were  intended  to  be  the  same  are  shown  in  Table  10,  and 
have  been  obtained  by  taking  the  arithmetical  means  of  the  results 
in  Table  9,  every  trial  of  more  than   one  hour's  duration   being 
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regarded  for  this  purpose  as  so  many  separate  trials  of  one  hour 
each.  Each  series  of  trials  has  been  grouped  under  a  separate  roman 
numeral,  I  to  XVIII;  and  these  numerals  are  arranged  in  order 
of  comparative  efficiency.  For  comparison  with  calculation  this 
efficiency  has  been  taken  as  the  proportion  of  work  done  to  available 
heat  in  the  steam  used  in  the  cylinder  only.  In  Table  10  are  also 
shown  the  actual  efficiencies  as  measured  by  the  water  used  per 
horse-power  per  hour,  including  the  jacket  steam  collected  during  a 
trial,  but  disregarding  that  collected  at  the  conclusion  of  trials  made 
with  the  jacket  drain-cock  shut.  This  latter  quantity  is  small  and 
uncertain  in  its  amount  and  effects,  and  on  the  whole  it  seemed  best 
to  neglect  it. 

The  average  results  of  observed  net  condensation  in  each  series 
are  shown  in  the  lower  diagrams  in  Plates  119  to  127  ;  the  total 
heights  of  these  lower  diagrams  represent  the  number  of  thermal 
units  of  available  heat  supplied  per  stroke,  which  number  is  also 
given  in  figures,  both  including  and  excluding  the  jacket  steam. 
The  black  dots  in  these  lower  diagrams  are  placed  in  such  positions 
that  the  vertical  distances  measured  downwards  to  them  from  the 
top  of  the  lower  diagram  give  the  observed  average  number  of 
thermal  units  of  condensation,  less  re-evaporation,  at  the  point  of 
the  stroke  indicated :  the  lower  line  UU  gives  the  calculated  net 
condensation  when  the  cylinder  is  unjacketed,  and  the  upper  line 
JJ  when  jacketed  ;  these  three  quantities  are  also  given  in  figures  in 
Table  10.  The  numerical  results  have  been  checked  over  by  two 
independent  calculations,  and  generally  by  the  use  of  different 
methods. 

The  general  result  of  the  observed  amounts  of  net  condensation 
appears  to  the  author  to  be  strongly  confirmatory  of  the  view 
advanced  in  his  previous  paper — that  the  initial  condensation  is 
extremely  sudden,  and  that  there  is  an  excess  of  re-evaporation  over 
condensation  during  the  whole  of  the  forward  stroke. 

Clearance  Surface. — Whatever  view  may  be  taken  of  the  nature  of 
the  process  which  causes  condensation  in  a  steam  cylinder,  it  appears 
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to  tlie  author  tliat  tlie  number  of  tliermal  units  of  lieat  transferred  must 
vary  directly  as  the  area  of  that  portion  Sc  of  the  clearance  siirface 
which  is  colder  at  the  moment  than  the  entering  steam,  whether 
the  surface  be  that  of  a  film  of  water  or  of  the  actual  metal.  In 
assigning  the  value  of  this  colder  portion  Sc  however,  it  is  necessary 
to  deduct  from  the  whole  clearance  surface  any  portion  which  is 
permanently  heated  from  the  outside,  as  by  steam-jacketing  the  end 
of  the  cylinder  or  by  other  means,  to  a  temperature  exceeding  that  of 
the  entering  steam.  Such  jjortions  must  remain  dry  throughout  the 
whole  cycle,  and  can  produce  no  effect  by  contact  either  on  the  initial 
condensation  or  on  the  subsequent  re-evaporation  during  the  stroke. 
The  effect  of  the  cold  portion  of  the  clearance  surface  in  producing 
condensation  must  be  most  marked  at  the  first  instant,  when  the 
difference  of  temperature  is  greatest;  and  must  diminish  as  the 
surface  is  brought  up  to  the  same  temperature  as  the  steam  in  contact 
with  it.  The  number  of  units  of  heat  transferred  at  each  stroke 
cannot  therefore  be  assumed  to  vary  directly  as  the  time  of  exposure, 
or  inversely  as  the  number  of  revolutions  in  a  given  time  ;  and  every 
experiment  made  by  the  author  tends  to  show  that  it  varies,  at  any 
rate  approximately,  as  the  square  root  of  the  time  of  exposure,  or  as 
-^^,   where   N  is   the   number   of  revolutions  per  second.      This 

result,   as   pointed   out   by   Professor   Cotterill  (Proceedings  1887 
page  536),  is  also  to  be  expected  on  theoretical  grounds.     The  effect 

8c 
of  clearance  surface  will  therefore  be  represented  by  the  factor  — ^ . 

Temperature. — Next,  as  to  the  effect  of  temperature,  it  is 
frequently  assumed  that  the  condensation  must  vary  directly  as  the 
range  of  temperature  in  the  cylinder;  but  this  view  appears  to 
the  author  to  be  based  upon  a  fallacy.  It  is  true  that  there  is 
experimental  evidence,  obtained  by  Forbes  and  others,  to  show 
that  the  rate  of  transmission  of  heat  through  a  metallic  plate 
depends  on  the  difference  of  temperature  of  the  media  on  either 
side,  and  that  therefore  the  condensation  of  steam,  in  long  continued 
contact  with  metal,  should  vary  as  the  difference  of  temperature 
of  the  two  sides ;  but  in  that  case  there  is  a  steady  flow  of  heat, 
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and  the  temperature  of  the  side  of  the  plate  in  contact  with  the 
steam  must  be  uniform,  and  sensibly  the  same  as  that  of  the  steam. 
But  the  condition  of  things  when  steam  is  entering  a  cylinder 
appears  to  the  author  to  be  entirely  different ;  the  steam  is  brought 
into  sudden  contact  with  a  surface  sensibly  colder  than  itself; 
and  to  say  that  the  condensation  will  depend  uj)on  the  range 
of  temperature  is  equivalent  to  saying  that  there  would  be  no 
condensation  at  all  after  the  temperature  of  the  inner  surface  of  the 
cylinder  is  raised  to  that  of  the  incoming  steam,  a  result  directly 
at  variance  with  both  theory  and  practice.  It  appears  to  the 
author  that  in  a  steam  cylinder  there  will  be  a  nearly  constant 
rate  of  condensation  due  to  conduction  through  the  metal,  and 
depending  in  amount  on  the  mean  temperature ;  and  that  to  this 
should  be  added  a  variable  rate  due  to  the  proportion  borne  by  the 
range  of  temperature  above  the  mean  in  the  cylinder  to  the  absolute 
mean  temperature  of  the  metal :  so  that,  if  the  absolute  temperature 
of  the  incoming  steam  be  denoted  by  T ,  and  the  absolute  mean 
temperature  of  the  inner  surface  of  the  cylinder  by  T  ,  the  maximum 

rp     m  rp 

rate  of  condensation  will  vary  as  1  4-  ^ — -^  or  as  J  '  Also  that 
in  cylinders  which  are  jacketed,  or  in  which  the  flow  of  heat  to  the 
outside  is  prevented  by  any  other  equivalent  means,  T  will  approach 
T  ,  and  the  effect  of  range  of  temperature  will  become  negligible. 

Densiti/  of  Steam. — Next,  all  the  author's  experiments,  and  all 
others  which  he  has  had  an  opportunity  of  analyzing,  tend  most 
conclusively  to  show  that  the  initial  condensation  varies  directly  as 
the  density  of  the  incoming  steam ;  and  it  appears  to  him  that  this 
result  is  also  one  which  must  be  exjiected  on  theoretical  grounds. 
For  whatever  may  be  the  nature  of  the  action  between  the  steam  and 
any  given  portion  of  the  condensing  surface,  it  cannot  be  sensibly 
affected  by  the  precisely  similar  actions  going  on  simultaneously 
on  other  portions  of  the  surface;  and  whatever  be  the  rate  of 
condensation,  whether  it  be  the  same  or  different  on  each  portion,  it 
must  depend  directly  on  the  number  of  particles  of  steam  brought 
into  contact  with  a  given  area,  or  in  other  words  it  must  vary 
directly  as  the  density. 
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Formulse. — The  foregoing  considerations  have  led  the  author  to 
propose  as  the  expression  for  initial  condensation  per  stroke  in  an 
unjacketed  cylinder 

where  C  is  the  initial  condensation  in  thermal  units  per  pound 
of  steam  in  an  unjacketed  cylinder;  W  is  the  weight  of  water  in 
pounds  per  stroke ;  S  is  the  clearance  surface  in  square  feet  after 
deducting  any  jacketed  portion  ;  N  is  the  number  of  revolutions  per 
second ;  T  is  the  initial  absolute  temperature  of  the  steam ;  T  is 
the  absolute  mean  temperature  of  the  cylinder,  approximately  equal 
to  the  temperature  due  to  the  mean  forward  pressure ;  p  is  the 
initial  density  of  the  steam  in  pounds  per  cubic  foot ;  and  J.^  is  a 
constant,  which  from  his  own  experiments  and  from  those  made  in 
the  U.S.  Navy  in  1874-5  the  author  deduces  to  be  equal  to  80  for 
Fahrenheit  temperatures. 

For  jacketed  cylinders  of  ordinary  proportions,  T^^  =  T^ ;  hence 
the  initial  condensation  per  stroke 

where  G  is  the  initial  condensation  in  thermal  units  per  pound 
of  steam  in  a  jacketed  cylinder.  The  value  of  the  constant  A  , 
obtained  directly  from  the  author's  experiments  on  initial  condensation 
in  a  jacketed  cylinder,  where  the  piston  was  blocked  at  the  end  of  the 
stroke,  was  56  ;  and  this  agrees  with  that  deduced  from  the  present 
series  of  experiments  on  the  ordinary  working  of  a  jacketed  engine, 
when  it  cannot  be  directly  measured. 

Applying  converse  reasoning  to  the  re-evaporation  which  takes 
place  during  the  stroke,  it  appears  to  the  author  that,  when  a 
metallic  surface  is  in  contact  with  wet  steam,  re-evaporation  will 
commence  immediately  that  the  steam  pressure  is  reduced  below  that 
due  to  the  temperature  of  the  metal ;  and  that  the  number  of  thermal 
units  transferred  from  the  metal  must  vary  directly  as  the  surface 
exposed,  and  approxiujately  as  the  square  root  of  the  time  of  exposure. 
Also  that,  under  the  conditions  of  a  steam  cylinder,  if  T  be  the 
absolute  mean  temperature  of  the  metal,  between  the  commencement 

3  D  2 
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of  the  stroke  and  the  instant  considered,  and  T  the  absolute 
temperature  of  the  steam  at  the  same  instant,  the  total  number  of 

thermal  units  transferred  will  vary  with  j,,  and  finally  with 
p  ,  the  mean  density  of  the  steam,  as  this  latter  quantity  determines 
the  number  of  particles  of  wet  steam  which  are  brought  into  contact 
with  any  given  area  of  the  hot  metal.  As  soon  as  the  exhaust  is 
opened,  the  rush  of  steam  through  the  passages  will  probably  sweep 
away  any  water  remaining  at  the  end  of  the  stroke,  and  thus  prevent 
further  re-evaporation  or  transfer  of  heat  from  the  metal  during  the 
return  stroke. 

It  does  not  appear  to  be  possible  to  ascertain  directly  the  value 
of  T  ,  the  mean  temperature  of  the  surface  of  the  metal ;  but  it 
evidently  cannot  differ  much  from  the  mean  temperature  of  the 
steam ;  and  if  it  is  assumed  equal  to  the  latter,  the  expression  for 
the  total  re-evaporation  in  unjaeketed  cylinders  will  become 

where  S^^  is  the  total  surface  exposed  up  to  the  point  of  the  stroke 
considered  :  N  the  number  of  revolutions  per  second  ;  T  and  p 
respectively  the  mean  absolute  temperature  and  mean  density  of  the 
steam,  between  the  commencement  of  the  stroke  and  the  point  in 
question ;  and  T^  the  actual  absolute  temperature  of  the  steam  at 
this  point. 

For  jacketed  cylinders  T  will  be  replaced  by  T^,  as  the 
temperature  of  the  surface  of  the  metal  will  be  maintained  nearly  at 
this  constant  amount,  namely  that  of  the  incoming  steam,  by  the 
supply  of  heat  from  without ;  and  the  expression  will  become 

Initial  condensation  and  corresponding  transfer  of  heat  to  [the 
metal  will  of  course  go  on  upon  each  fresh  surface  exposed  during 
the    stroke ;   but   the   supply  of  heat   to   effect  this   is   drawn  by  Uf 
re-evaporation  from  that  stored  up  in  the  surface  already  exposed  ;  ■' 
and  the  effect  of  the  exposure  of  fresh  surface  will  be,  not  to  increase 
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the  total  amount  of  heat  transferred,  but  merely  to  distribute  it  over 

a  larger  area.     If  then  S,^  is  taken  to  represent,  not  the  total  surface 

exposed,  including  the  clearance,  but  only  the  fresh  area  uncovered 

S      T 
dm-ing  the  stroke,  the  re-evaporation  expressed  by  B    —==.  -^  pm  or 

Bj-~  --  pm   will    represent    the    excess    of    re-evaporation    over 

condensation,  which  can  be  directly  observed. 

In  the  author's  experiments  the  values  of  B  agree  with  those  of 
A  already  determined  for  initial  condensation :  that  is  A^  =  B^=  80 
for  unjacketed  cylinders,  and  A  =  5  =  56  for  jacketed  cylinders. 
This  is  clearly  shown  by  the  circumstance  that  the  lines  UU  and  JJ 
in  the  lower  diagrams  in  Plates  119  to  127,  representing  the  amounts  of 
net  condensation  at  various  points  in  the  stroke,  calculated  according 
to  these  values,  are  more  or  less  nearly  parallel  with  the  line  which 
would  pass  through  the  black  dots  representing  the  observed  results. 
These  calculated  amounts  were  necessarily  based  on  the  assumption 
that  dry  saturated  steam  was  supplied,  which  no  doubt  was  not 
always  the  case  ;  and  this  directly  affects  to  the  same  amount  both 
the  total  number  of  thermal  units  supplied  during  the  stroke,  which 
are  represented  by  the  total  height  of  the  diagram,  and  the  calculated 
amount  of  condensation,  which  is  obtained  by  subtraction  from  the 
total  supply.  It  will  be  seen  however  that  the  difference  between  the 
observed  and  calculated  results  is  approximately  constant  throughout 
the  stroke ;  and  that  the  calculated  rate  of  diminution  of  net 
condensation  agrees  very  closely  with^observation  in  every  case. 

Denoting  the  re-evaporation  per  pound  of  steam  by  iJ     and  iJ 
respectively   for   unjacketed   and  jacketed  cylinders,  the   complete 
formulae  which  the  author  submits  to  represent  the  net  condensation 
in  a  steam  cylinder  at  any  point  of  the  stroke  will  become  therefore 


(C„--B, 

,)TF  = 

-  ^°  fs 

Pvi) 

for  unjacketed 
cylinders 

(0,- 

^.) 

w-  '^ 

(«    ": 

T 

Pm) 

for  jacketed 
cylinders 

any  portion 

of  ^^ 

which  ii 

3  jacketed  .being 

deducted  in  either  case. 
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These  arc  extensions  of  the  formulfc  suggested  by  the  author  in  his 
previous  paper  (Proceedings  1887,  page  505),  the  difference  being 
that  a  factor  fur  the  effect  of  temperature  is  now  introduced,  and  that 
the  mean  density  of  the;  steam  p  is  now  substituted  for  the  sum  of 
a  constant  0*06  added  to][the  density  p  which  corresponds  with  the 
back  pressure.  The  reasons  why  these  factors  were  not  introduced 
into  the  original  formuloejwere  because  the  experiments  on  which  they 
were  based  did  not  include  suf&cient  variations  of  temperature  and 
pressure  to  make  it  api)arent  that  any  correction  for  varying 
temperatures  was  necessary,  and  because  the  mean  density  happened 
to  agree  throughout  nearly  with  p   +  0*06. 

Calculation  of  Steam  used  per  Stroke. — The  practical  object 
of  determining  the  amount  of  condensation  and  re-evaporation  at 
any  point  of  the  stroke  is  to  obtain  some  basis  of  calculation  for 
the  weight  of  steam  used  per  stroke ;  and  this  may  bo  readily 
effected  as  follows.  Let  X  be  the  volume  swept  through,  up  to  the 
point  of  cut-off,  in  cubic  feet;  c  the  ratio  which  the  clearance 
volume  bears  to  X',  n  the  ratio  of  volume  of  cushion  steam  to  steam 
discharged  per  stroke,  at  the  initial  pressure.  Then  (l  +  c)  (l  —  n)  X 
is  the  volume  in  cubic  feet,  at  initial  pressure,  of  the  mass  of  steam 
discharged  per  stroke;  and  p^  (1  4-  c)  (1  —  «)  X  would  be  the  weight 

of  steam  required  to  fill  the  cylinder  per  stroke,  if  there  were  no 
condensation,  or  the  weight  per  stroke  accounted  for  by  the  indicator 
at  cut-off.     At  the  point  of  cut-off  p     =  p,,  and  T    =  T^  =  T^,  and 

if  the  fresh  surface  exposed  during  admission  be  denoted  by  S  the 
weight  of  steam  condensed  and  not  evaporated  per  stroke  at  this 

point    will    be     -j=  ( -^—j — -  j  p^   in    an    unjacketed    cylinder,    or 

-7=  (   '^  J    ^  )  Pi  in  a  jacketed  cylinder,  where  L  is  the  latent  heat 

of  evaporation.  The  total  weight  W  per  stroke  is  the  sum  of  the 
weights  thus  found  ;  or 


^       /  80    5  -  aS^,  ,      \         for  unjacketed 

'^  =  CvF  -TT^  +  (1  +  ')  (1  -  ")  ^)  "'  •   cylinder. 


i 
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If  x^  be  the  percentage  of  steam  in  tlie  working  mixture  at  any 
point  of  the  stroke,  and  v^  the  volume  of  one  pound  of  saturated 
steam  of  pressure  p  at  the  same  point,  it  is  further  possible  after 
having  determined  TF,  to  obtain  approximately  the  value  ?;.,  x^  of 
the  volume  occupied  by  a  pound  of  steam  in  the  cylinder,  at  any 
consecutive  values  of  the  pressure  j?,  which  may  be  chosen  during 
the  expansion,  and  thus  to  draw  an  approximate  expansion  curve,  and 
complete  the  calculated  diagram.     To  do  this  we  have  the  equations 


'^' ^=  (5-36  a +  <-Hi -«)+''-'") 


TF  .r.  +  lu  TF 


SO  /o    ^1  a   ^'"       \  ^0^  iinjacketed 


cylinders 


^  VjV  \   '^  ^  2  r^'my     cylinders 

where  Q^  is  the  total  heat  supplied  per  jiound  of  steam ;  Q,^  the  heat 
remaining  in  a  pound  of  mixed  steam  and  water  at  any  point  of  the 
stroke ;  I^  the  internal  heat  of  a  pound  of  steam  at  pressure  p^ ;  and 
7/.,  the  heat  contained  in  a  pound  of  water  at  the  temperature 
corresponding  to  jp^. 

The  value  of  p  is  required  to  solve  these  equations,  and  this  may 
be  obtained  by  calculating  the  mean  pressure  P  approximately  step 
by  step  on  the  curve — on  the  assumption  that  between  any  two 
nearly  adjacent  points  the  expansion  curve  is  a  straight  line — by  the 
equation 

starting  from  the  point  of  cut-off,  where  P^^^  ~  Vx-  -^  further 
assumption  of  the  approximate  values  of  c  and  n  at  each  point  on  the 
expansion  curve  is  necessary  to  solve  the  equations ;  these  values 
however  vary  but  slowly.     But  the  calculations  are  tedious,  and  in 
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the  author's  opinion  for  practical  purposes  it  is  necessary  to  determine 
only  the  weight  of  steam  used  per  stroke,  and  then  to  draw  an 
expansion  curve,  cither  hyperbolic  or  according  to  whatever  law 
may  bo  considered  most  appropriate  to  the  circumstances  of  tho 
case.  In  any  further  calculations  of  efficiency  the  error  involved 
by  this  method  does  not  extend  beyond  the  ratio  borne  by  the 
difference  of  area  between  the  curve  thus  drawn  and  tho  real  one, 
to  tho  total  area  of  the  diagram. 

It  will  bo  observed  that  the  author  has  adhered  throughout  the 
calculations  in  the  present  paper  to  Professor  Cottcrill's  method  of 
separating  the  steam  discharged  per  stroke  from  the  cushion  steam, 
in  preference  to  tho  method  advocated  by  Mr.  Longridge  in  the 
discussion  on  the  previous  paper  (Proceedings  1887,  pages  511- 
516),  of  determining  the  total  heat  present  in  the  cylinder  at  the 
various  points  of  the  stroke.  Both  methods  give  practically  identical 
results ;  the  only  difference,  even  theoretically,  is  that  in  Professor 
Cotterill's  a  hyperbola  is  taken  for  the  compression  curve,  instead  of 
that  drawn  by  the  engine.  But  the  author  considers  that  the  metliod 
Avhich  he  has  followed  is  by  far  the  most  convenient  for  the 
calculations  involved. 

The  weights  of  water  per  stroke,  resulting  from  calculations 
made  from  the  same  data  as  those  of  the  author's  experiments, 
are  given  in  Table  10  and  Plate  128,  for  comparison  with  the 
observed  weights.  In  the  experiments  made  with  the  jacket 
drain-cock  shut,  the  effect  of  the  jacket  is  evidently  reduced  by  an 
uncertain  amount,  and  the  calculated  weights  are  given  both  for 
jacketed  and  unjacketed  cylinders.  The  number  of  thermal  units 
of  initial  condensation  calculated  by  the  author's  formulae,  and  of 
net  condensation  at  the  end  of  the  stroke,  and  at  the  two  intermediate 
points  A  and  B,  are  also  given  in  Table  10  ;  and  a  fair  line  drawn 
through  these  four  points  in  each  case  is  shown  on  each  of  the  lower 
diagrams  in  Plates  119  to  127,  from  which  the  calculated  net 
condensation  at  intermediate  points  may  be  determined.  These 
lines,  JJ  and  UU,  are  shown  as  calculated  by  the  formulaa  for  both 
jacketed  and  unjacketed  cylinders,  in  the  experiments  made  with  tho 
jacket  drain-cock  shut,  Plate  128. 
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The  author  has  analyzed,  so  far  as  the  published  data  permit,  the 
series  of  experiments  made  by  Mr.  Willans  on  a  non-condensing 
engine  and  described  in  his  paper  read  before  the  Institution  of  Civil 
Engineers  in  March  1888.*  Table  12  and  Plates  129  to  131  have 
been  prepared  to  show  the  comparative  weights  of  water  per  stroke 
observed  by  Mr.  Willans,  and  those  calculated  from  the  same  data 
by  the  author's  formula  for  jacketed  cylinders.  The  calculations 
have  been  made  on  the  basis  that  the  portion  of  clearance  surface 
which  is  practically  jacketed  in  Mr.  Willans's  engine  is  the  entire 
cylinder  cover.  The  author  is  not  sufficiently  familiar  with  the 
construction  of  the  engine  to  be  sure  whether  this  exactly  represents 
the  case,  and  unfortunately  for  the  comparison,  the  number  of 
thermal  units  abstracted  per  stroke  is  given  by  Mr.  Willans  for 
the  point  of  cut-off  only.  The  calculated  amoimts  for  this  point 
are  given  in  Table  12,  but  it  is  not  practicable  to  make  a  full 
comparison  of  the  observed  condensation  at  different  points  of  the 
stroke,  with  the  calculated  amounts. 

Conclusions. — A  consideration  of  the  author's  formulEe  will  show 
that  according  to  them  the  loss  caused  by  excess  of  condensation 
over  re-evaporation,  at  the  end  of  the  stroke,  may  be  reduced  in 
three  separate  and  independent  ways  :  the  first  is  to  proportion  the 
cylinder  in  such  a  manner  that  the  re-evaporation  during  the 
stroke  may  as  far  as  j)ossible  balance  the  condensation  at  the 
commencement ;  the  second  is  to  increase  the  rate  of  revolution ;  and 
the  third  is  to  reduce  the  area  of  unjacketed  clearance  surface  to  a 
minimum. 

The  first  of  these  was  alluded  to  by  the  author  in  his  previous 
paper,  with  an  example  designed  to  show  that,  for  working  a  single 
unjacketed  cylinder  at  all  economically,  it  is  absolutely  necessary 
that  the  stroke  should  be  increased,  in  relation  to  the  diameter,  to 
far  beyond  the  usual  proportions.  If  the  latter  are  adhered  to,  and 
a  small  weight  of  steam,  designed  to  expand  several  times,  is 
introduced  per  stroke,  it  must  be  contained  in  such  a  shape  at  cut-off 

*  Proceedings  of  the  Institution  of  Civil  Engineers  1888,  vol.  xciii,  page  128. 
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as  to  render  it  unavoidable  that  a  large  proportion  should  bo 
initially  condensed  ;  and  further  there  will  not  be  sufficient  re- 
evaporative  surface  exposed  during  the  stroke  to  recover  the  heat 
thus  communicated  to  the  metal.  If  on  the  other  hand  a  larger 
weight  of  steam  is  introduced,  by  using  a  late  cut-off,  the  loss  due  to 
not  being  able  to  work  expansively  will  more  than  counterbalance 
the  saving  of  condensation.  The  proved  economy  of  compound  and 
triple  cylinders  is  in  great  measure  due,  in  the  author's  opinion,  to 
the  weight  of  steam  enclosed  at  cut-off  in  each  cylinder  being 
generally  large  in  proportion  to  the  amount  condensed  on  the 
clearance  surface  ;  whilst  expansive  working,  though  not  carried  out 
as  economically  in  itself  as  it  can  be  in  a  single  cylinder,  is  yet 
conducted  without  any  very  serious  loss. 

The  second  method  of  avoiding  initial  condensation,  by  a  higher 
speed  of  revolution,  appears  to  be  productive  of  unmixed  gain,  as 
far  as  the  actual  working  of  the  steam  is  concerned ;  but  it  is  of 
course  generally  limited  by  practical  considerations. 

The  third  method,  by  reducing  the  area  of  unjacketed  clearance 
surface  as  far  as  possible,  appears  to  the  author  to  be  unattended 
with  any  counterbalancing  disadvantages  ;  and  he  is  of  opinion  that 
it  is  of  greater  importance  effectually  to  jacket  the  cylinder  covers 
and  piston  than  the  sides  of  the  cylinder  themselves ;  and  that  the 
economical  results  obtained  by  Corliss  and  other  similar  valve-gear 
are  more  directly  attributable  to  short  steam-passages  and  consequent 
reduction  of  clearance  surface,  than  to  any  other  cause. 

In  conclusion,  the  author  is  fully  aware  that  no  general  formulas 
for  such  complicated  conditions  as  prevail  in  a  steam  cylinder  can  be 
expected  to  give  more  than  approximate  results.  He  ventures  to 
express  a  hope  that  those  which  he  has  put  forward  may  be  regarded, 
not  as  representing  any  particular  theory,  but  as  the  outcome  of  an 
attempt  to  supply  the  want,  which  he  has  often  experienced  in 
practice,  of  some  basis  of  calculation,  even  though  an  imperfect  one, 
for  the  steam  likely  to  be  used  in  any  given  engine. 
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TABLE  9.  (continued  to  page  6C5) 

Besidts  of  Trials  made  to  ascertain 
Water  used  jper  stroJce 
and  Steam  Pressures. 


Series  of  trials 

I 

II 

a 

Eegister  number  of  trial 

No. 

43 

44 

46 

47 

h 

Duration  of  trial 

mins. 

360 

300 

191 

180 

c 

Kevolutious,  total  during  trial 

revs. 

42234  3.5579 

21920 

20919 

d 

Thermometer 

Fahr. 

65° 

76° 

70° 

70° 

e 

Barometer,  inches  of  mercury 

ins. 

30-2 

30-0 

30-0 

29-9 

/ 

Vacuum,  inches  of  mercury 

ins. 

21-0 

22-0 

24-0 

24-0 

g 

Boiler  pressure  per  sq.  inch  above  atm. 

lbs. 

42 

44 

60 

60 

h 

Feed  Water,  total 

lbs. 

3195 

2539 

3192 

3140 

i 

^      /Total 

lbs. 

3122 

2491 

3114 

3079 

J 

-2  53   From  Cylinders  during  trial 

lbs. 

3075 

2438 

3035 

2971 

1: 

=§^        „    Jacket            „        „ 

lbs. 

0 

0 

0 

0 

I 

'^      „    Jacket  drain-cock  after  trial 

lbs. 

17 

17 

27 

27 

in 

Admission,  absolute 

48-2   49-6 

67-9 

n 

,4 

CI 

.3 

Forward,  absolute  at  point  A  on  diagram* 

25-8 

27-7 

45-7 

0 

03 

»                           55                       5>            )>         -t*       55                 55 

10-8 

11-7 

19-7 

V 

1 

Terminal,  absolute 

7-8 

8-6 

14-5 

a 

^1 

PL, 

Back      pressure,      absolute,  \ 
beginning  of  compression  J 

5-1 

5-7 

5-0 

r 

Cushion  pressure,  absolute,  end  of  stroke 

9-3 

10-5 

10-1 

s 

Mean    f  "P  *°  P°^^*  "^  °^  diagram* 

37-6 

41-4 

61-3 

i 

i 

Forward]     „    „      „     B  „           „ 
Pressure  1  throughout  stroke 

22-2 
16-0 

23-3 
17-0 

38-0 
29-6 

u 

V 

Mean  Back  pressure  throughout  stroke 

3-0 

3-7 

3-2 

w 

03 

w 

„      Cushion    „                „            „ 

1-9 

2-0 

2-5 

X 

„      Effective  „                „            „ 

11-1 

11-8 

23-9 

y 

Number  of  Indicator  Diagrams  taken  in  trial 

95 

48 

z 

*  See  diagrams  in  Plate 

119 

119 
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(continued  on  next  page)  TABLE  9. 

Besults  of  Trials  made  to  ascertain 
Water  used  per  stroke 
and  Steam  Pressures. 


a 

III 

IV 

V 

h 

16 

17 

39 

14 

15 

26 

28 

42 

c 

.60 

60 

60 

60 

60 

360 

60 

360 

d 

7259 

7161 

7252 

7107 

7203 

43891 

7359 

44257 

e 

68° 

68° 

62° 

66° 

65° 

66° 

69° 

76° 

f 

29-6 

29-6 

29-9 

29-7 

29-6 

30-0 

29-7 

30-0 

U 

26-0 

26-0 

15-0 

26-5 

26-0 

26'0 

25-5 

24-0 

h 

55 

55 

50 

70 

70 

70 

70 

70 

i 

1295 

1195 

600 

1550 

1220 

6162 

1494 

6256 

3 

1351 

1261 

520 

1434 

1185 

? 

1394 

6157 

h 

989 

1027 

428 

963 

1014 

? 

978 

5877 

I 

0 

0 

0 

0 

0 

0 

0 

0 

m 

22 

21 

21 

23 

19 

20 

3 

27 

n 

60-5 

60-2 

58-1 

73-9 

75-0 

72-7 

72-0 

74-8 

0 

45-8 

44-1 

33-3 

54-9 

54-0 

52-9 

54-8 

54-2 

P 

19-2 

19-2 

13-9 

209 

20-7 

20-0 

20-5 

19-8 

1 

11-3 

14-2 

9-2 

13-7 

14-0 

13-8 

14-1 

13-6 

r 

4-3 

4-0 

7-9 

4-5 

4-4 

5-8 

5-1 

5-2 

s 

7-7 

7-6 

17-2 

7-3 

7-6 

16-5 

16-1 

9-8 

t 

57-6 

58-5 

42-4 

69-4 

68-8 

68-6 

69-9 

66-3 

u 

36-8 

38-5 

23-8 

40-4 

40-0 

40-1 

40-5 

38-7 

V 

28-9 

30-1 

18-0 

29-5 

29-3 

30-0 

29-9 

28-8 

%0 

31 

2-9 

4-9 

3-2 

2-9 

2-8 

3-4 

3-5 

X 

1-5 

1-5 

3-7 

1-4 

1-5 

2-0 

1-8 

1-9 

y 

24-3 

25-7 

9-4 

24-9 

24-9 

25-2 

24-7 

23-4 

z 

40 
120 

16 
120 

152 
121 
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TABLE  9  (continued  from  preceding  page) 

Hesults  of  Trials  made  to  ascertain 
Water  used  per  stroke 
and  Steam  Pressures. 


Series  of  trials 

VI 

VII 

a 

Register  number  of  trial 

No. 

38 

52 

54 

53 

b 

Duration  of  trial 

mins. 

GO 

60 

60 

300 

c 

Eevolutions,  total  during  trial 

revs. 

7212 

7172 

7256 

42918 

d 

Thermometer 

Fahr. 

62° 

66° 

67° 

67° 

e 

Barometer,  inches  of  mercury 

ins. 

30-0 

29-8 

29-9 

29-9 

f 

Vacuum,  Inches  of  mercury 

ins. 

18-5 

21-5 

21-0 

21-0 

0 

Boiler  pressure  per  sq.  inch  above  atm. 

lbs. 

55 

55 

55 

55 

h 

Feed  Water,  total 

lbs. 

1199 

784 

794 

4490 

i 

ra     ('^^^^^ 

lbs. 

1164 

745 

757 

4349 

J 

■g  53   From  Cylinders  during  trial 

lbs. 

958 

654 

705 

4258 

h 

^^       „     Jacket         „         „ 

lbs. 

72 

0 

0 

0 

I 

^    „     Jacket  drain-cock  after  trial 

lbs. 

0 

24 

12 

25 

m 

Admission,  absolute 

63-1 

59-5 

59-8 

n 

Pi 

Forward,  absolute  at  point  A  on  diagi* 

im* 

54-0 

.39-0 

40*4 

0 

o 

5>                           S>                 »          5>         B      „                   „ 

22-8 

15-7 

16-3 

P 

1 

Terminal,  absolute 

16-0 

11-0 

11-3 

2 

ft 

Back      pressure,     absolute,  1 
beginning  of  compression  j 

7-0 

5-5 

5-7 

r 

1 

Cushion  pressure,  absolute,  end  of  stroke 

16-7 

11-5 

15-6 

s 

s" 

■.r         (  up  to  point  A  on  diagram* 

61-5 

51-0 

52-0 

t 

C3 

Forward  1    „    „      „      B   „        „ 

42-5 

29-5 

30-6 

u 

1 

Pressure  (  throughout  stroke 

33-2 

22-5 

23-3 

V 

a 

Mean  Back  pressure  throughout  stroke 

4-0 

3-3 

3-3 

10 

03 

1-2 

„      Cushion    „              „             „ 

3-4 

2-2 

21 

X 

CC 

„     Effective  „             „             „ 

25-8 

17-0 

17-9 

y 

Number  of  Indicator  Diagrams  taken  in  trial 

16 

76 

z 

*  See  diagrams  in  Plate 

121 

122 
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(continued  on  next  page)  TABLE  9. 

Eesults  of  Trials  made  to  ascertain 
Water  used  joer  stroJce 
and  Steam  Pressures. 


a 

VIII 

IX 

X 

XI 

b 

45 

55 

35 

37 

23 

24 

25 

c 

360 

60 

GO 

60 

60 

360 

60 

d 

426i2 

7395 

7134 

7159 

7219 

43676 

7240 

e 

76° 

67° 

62° 

62° 

62° 

62° 

70° 

f 

30-0 

29-9 

30-2 

30-2 

30-1 

29-8 

30-0 

(1 

22-0 

21-0 

18-5 

18-5 

0 

0 

0 

44 

44 

70 

55 

80 

SO 

SO 

i 

2619 

447 

1250 

1218 

1611 

6814 

1655 

3 

2483 

450 

1076 

1119 

1573 

6734 

1568 

h 

2185 

357 

974 

956 

1093 

6461 

1068 

I 

230 

40 

0 

0 

-  0 

0 

0 

m 

0 

0 

21 

20 

19 

3 

13 

11 

49-8 

51-3 

77-0 

61-7 

85-7 

85-2 

85-3 

0 

27-4 

26-3 

63-0 

51-8 

70-0 

67-5 

65-3 

V 

11-3 

11-3 

22-6 

21-2 

29-4 

28-3 

28-0 

'L 

8-1 

7-8 

15-1 

15-2 

20-0 

20-1 

19-6 

r 

5-8 

49 

7-0 

^■^ 

14-S 

14-8 

14-8 

.s 

10-6 

9-0 

16-0 

14-8 

32-2 

32-2 

31-0 

t 

39-6 

39-2 

74-0 

60-0 

83-0 

S3-4 

82-7 

ti 

21-G 

18-7 

44-2 

41-1 

55-2 

53-6 

54-0 

V 

16-1 

15-7 

32-7 

31-6 

43-3 

42-4 

39-5 

w 

3-4 

3-1 

4-0 

4-1 

9-2 

8-4 

9-2 

0- 

2-1 

1-8 

2-9 

2-9 

7-3 

7-1 

6-4 

y 

10-6 

10-8 

25-8 

24-6 

26-8 

26-9 

23-9 

z 

64 

20 

16 

74 

122 

123 

123 

124 
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TABLE  9.  (continued  from  p-eccding  page) 

Besidls  of  Trials  made  to  ascertain 
Water  used  per  stroke 
and  Steam  Pressures. 


Series  of  trials 

XII 

a 

Register  number  of  trial 

No. 

49 

50 

51 

h 

Duration  of  trial                                               rains. 

360 

60 

60 

c 

Eevolutions,  total  during  trial 

revs. 

42569 

7197 

7130 

d 

Thermometer                                                    Fahr. 

63° 

65° 

66° 

e 

Barometer,  inches  of  mercury 

ins. 

29-8 

29-8 

29-8 

/ 

Vacuum,  inches  of  mercury- 

ins. 

21-5 

21-5 

21-5 

il 

Boiler  pressure  per  sq.  inch  above  atm. 

lbs. 

55 

55 

55 

h 

Feed  Water,  total 

lbs. 

4374 

707 

756 

i 

rs       ('^°^°'^ 

lbs. 

4202 

686 

679 

3 

-§  S   From  Cylinders  during  trial 

lbs. 

3938 

634 

550 

h 

^^       „      Jacket            „        „ 

lbs. 

230 

38 

55 

I 

I    „      Jacket  drain-cock  after  trial 

lbs. 

0 

0 

0 

m 

Admission,  absolute 

59-5 

GO-3 

n 

■o 

Forward,  absolute  at  point  A  on  diagram 

* 

35-5 

40-3 

0 

J)              )j        )>       >)     ^   j>          ■>■> 

15-7 

15-9 

P 

s 

Terminal,  absolute 

11-4 

10-7 

1 

ft 

Back      pressure,     absolute,  "> 
beginning  of  compression  / 

5-4 

5-4 

r 

DQ 

Cushion  pressure,  absolute,  end  of  stroke 

8-2 

10-8 

s 

9 

,,          (  up  to  point  A  on  diagram  * 

49-0 

52-7 

t 

'B 

Forward      „    „      „    B  „        „ 

31-0 

31-0 

u 

QQ 

4) 

a 

Pressure  ^  throughout  stroke 

23-8 

23-1 

V 

Mean  Back  pressure  throughout  stroke 

3-3 

3-3 

10 

W. 

„     Cushion     „              „              „ 

1-6 

2-1 

X 

„     Efi'ective   „             „             „ 

18-9 

17-7 

y 

Number  of  Indicator  Diagrams  taken  in  trial 

80 

z 

*  See  diagrams  in  Plate 
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{continued  on  next  j^age)  TABLE  9. 

Results  of  Trials  made  to  ascertain 
Water  used  per  stroke 
and  Steam  Pressures. 


a 

XIII 

XIV 

XV 

h 

48 

IS 

21 

22 

9 

10 

11 

c 

SCO 

GO 

GO 

360 

60 

60 

60 

d 

41500 

7146 

7205 

43559 

7251 

7217 

7228 

e 

G5° 

74° 

G8° 

65° 

65° 

64° 

66° 

f 

29-S 

29-8 

30-3 

30-2 

30-3 

30-3 

30-3 

0 

22-0 

0 

0 

0 

27-5 

27-5 

27-0 

h 

5G 

80 

SO 

80 

55 

55 

55 

i 

4980 

1422 

1334 

6367 

1169 

1096 

1191 

3 

4828 

1401 

1240 

6198 

1189 

1054 

1149 

h 

4422 

936 

958 

5788 

822 

826 

789 

I 

340 

61 

42 

249 

62 

39 

48 

Til 

0 

0 

0 

0 

0 

0 

0 

n 

G3-5 

86-0 

86-5 

86-4 

62-0 

Gl-4 

GO-7 

0 

45-2 

68-3 

CS-8 

68-0 

47-0 

46-8 

42-8 

P 

19-5 

29-6 

28-4 

27-8 

20-2 

19-9 

18-8 
12-2 

1 

13-9 

20-6 

19-3 

18-8 

13-8 

13-9 

r 

5-3 

14-8 

14-8 

14-8 

3-8 

41 

3-8 

s 

10-0 

30-9 

32-2 

31-0 

6-8 

7-3 

7-3 

t 

57-5 

81-6 

80-6 

81-6 

58-2 

59-4 

55-5 

u 

36-6 

54-6 

53-6 

53-8 

37-2 

39-5 

35-1 

V 

28-8 

42-8 

41-S 

41-6 

28-7 

30-9 

27-7 

IV 

3-5 

8-9 

8-7 

S-7 

2-5 

3-5 

2-9 

X 

1-9 

G-0 

G-3 

7-6 

1-3 

1-4 

1-4 

y 

23-4 

27-9 

26-8 

25-3 

24-9 

26-0 

23-4 

z 

48 
125 

56 
125 

54 
126 

3    E 
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TABLE  9.  {continued  from  preceding  page) 

Besults  of  Trials  made  to  ascertain 
Water  used  per  stroke 
and  Steam  Pressures. 


Seriea  of  trials 

XYI 

a 

Kegister  number  of  trial 

No. 

12 

13 

41 

h 

Duration  of  trial 

min& 

60 

CO 

360 

c 

Kevolutions,  total  during  trial 

revs. 

7234 

/  3ob 

43082 

d 

Thermometer 

Fahr. 

65° 

65° 

66° 

e 

Barometer,  inches  of  mercury- 

ins. 

30-4 

30-4 

30-1 

f 

Vacuum,  inches  of  mercury 

ins. 

27-0 

27-0 

24-0 

9 

Boiler  pressure  per  sq.  inch  above  atm. 

lbs. 

70 

70 

70 

h 

Feed  Water,  total 

lbs. 

1031 

1145 

5194 

i 

-n      1^°^^^ 

lbs. 

1021 

1136 

5172 

3 

-S  £  JFrom  Cylinders  during  trial 

lbs. 

790 

768 

4698 

h 

^^       „      Jacket           „        „ 

lbs. 

76 

62 

328 

I 

^    ,,      Jacket  drain-cock  after  trial 

lbs. 

0 

0 

0 

m 

Admission,  absolute 

75-5 

75-5 

76-1 

n 

Forward,  absolute  at  point  A  on  diagram* 

51-7 

51-1 

52-9 

o 

(B 

»                             5J                 »         W            B      >J                 » 

20-2 

20-0 

21-5 

P 

s 
^ 

Terminal,  absolute 

12-5 

12-5 

13'3 

1 

to 
o 

Back       pressure,       absolute,  \ 
beginning    of    compression  / 

3-9 

3-7 

5-2 

T 

j2 

Cushion  pressure,  absolute,  end  of  stroke 

6-3 

6-1 

9-8 

S 

2 

o 

■.J         f  up  to  point  A  on  diagram* 
Forward-!    „     „      ,,     B   „        „ 
Pressure  ^  throughout  stroke 

67-7 
39-1 
29-5 

70-4 
41-4 
31-3 

69-0 
39-3 
30-9 

t 

u 

V 

3 
^ 

Mean  Back  pressure  throughout  stroke 

2-4 

4-1 

3-0 

to 

„      Cushion     ,,               „               „ 

1-7 

1-9 

2-7 

X 

„      Elfective  ,,              „              ,, 

25-4 

25-3 

25-2 

y 

Number  of  Indicator  Diagrams  taken  in  trial 

88 

*  See  diagrams  in  Plate 

126 

Oct.  1889. 


CONDENSATION    AND    KE-EVAPOEATION. 


665 


(concluded  from  page  658)  TABLE  9. 

Besults  of  Trials  made  to  ascertain 
Water  used  per  stroke 
and  Steam  Pressures. 


a 

XVII 

XVIII 

b 

40 

30 

31 

32 

33 

34 

c 

GO 

60 

60 

60 

300 

60 

d 

7180 

7135 

6957 

7259 

36261 

7273 

e 

63° 

66° 

70° 

66° 

62° 

63° 

f 

29-9 

29-9 

29-9 

30-0 

30-0 

29-9 

9 

23-0 

11-0 

18-0 

19-5 

18-0 

18-5 

h 

40 

70 

70 

70 

72 

70 

i 

513 

1263 

1157 

1313 

4869 

1232 

J 

434 

1191 

1035 

1159 

4905 

1146 

h 

354 

878 

832 

857 

4321 

873 

I 

0 

74 

79 

59 

333 

56 

m 

19 

0 

0 

0 

0 

0 

n 

44-8 

78-4 

78-0 

76-9 

78-8 

77-8 

0 

24-8 

56-4 

51-8 

48-3 

53-1 

60-8 

P 

111 

24-0 

22-4 

21-1 

21-8 

22-9 

a 

7-5 

16-6 

15-5 

14-8 

14-9 

14-9 

T 

5-2 

111 

7-6 

6-6 

7-0 

6-0 

S 

7-5 

22-4 

15-5 

13-2 

17-0 

13-0 

t 

34-6 

72-0 

69-8 

67-4 

74-3 

74-7 

u 

20-5 

46-6 

44-0 

41-6 

45-0 

45-5 

V 

14-9 

36-2 

35-1 

31-5 

34-9 

33-9 

10 

31 

6-6 

4-3 

3-5 

4-1 

4-3 

X 

1-5 

4-4 

3-0 

2-6 

3-3 

2-5 

y 

10-3 

25-2 

27-8 

25-4 

27-5 

27-1 

z 

16 
127 

110 

127 

ii  E  li 
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TABLE  10.  (continued  to 2Jcige  (jOd) 

Comparison  of  Average  Besults  of  Tahle  9  tvith  Calculation. 


Scries  of  trials 

Register  number  of  trials 

Indicated  Horse-Power 
Number  of  Expansions 


Xos. 

I.H.P. 

times 


I 

43,44 

14-8 


3  ■" 


Admission,  absolute 
Terminal,  absolute 

Back  i)ressure,  absolute,  beginning  of  compress  ion 

Cusliion  pressure,  absolute,  end  of  btroke 

IMeau  Forward  pressure  tbroughout  stroke 

,,      xJacK  ,,  ,,  ,, 

„      Cusbion        ,,  ,,  ,, 

„      Efiective      ,,  ,,  ,, 


OJ    P 


From  Jacket,  collected  during  trial 
,,      Cylinder,      ,,  „        ,, 

„  ,,        calculated  as  unjacketed 

„  ,,  „        „  jacketed 

Accounted  for  by  indicator  at  cut-off 


lb. 
lb. 
lb. 
lb. 
lb. 


Jacket  Steam  during  trial,  percentage  of  total 
Cylinder 


Total,  per  lb.  of  cylinder  steam 

Back-pressure,         ,,  ,, 

Cushion,  ,,  ,, 

Eflective 


per  cent, 
per  cent. 


-5  )»  )? 

per  lb.  of  steam  supplied 
,,   stroke 


o    3 


Per  lb.  of  steam  supplied 
,,     ,,     ,,  water  at  back-pressure  temperature 
Available  per  lb.  of  steam  supplied 

„  ,,    stroke,  including  jacket  steam 


Efficiency,  or  Effective  Work  in  percentage  of  Available  Heat 
Water  per  borse -power  per  bour,  including  jacket  lbs. 


a,  5 
•2  5 

T3  -^ 


Initial,  calculated  as  unjacketed 
,,  „  „  jacketed 

Net  at  point  A  on  diagrams,  calculated  as  unjacketed 
„    ,,      „      „    „  „  „         „  jacketed 

„     ,,      J)      ?>    »  )>        observed 

„    at  point  B  on  diagrams,  calculated  as  unjacketed 
„     „      „       „    „  ,.  „         „  jacketed 

,,    ,,      „      J)    »  >>        observed 

,,    at  end  of  stroke,  calculated  as  vmjacketed 
„     „    „    „       „  „  „  jacketed 

,,     ,,    ,,     ,,       ,,       observed 


11 

46,47 

30-7 
5-5 


0 
0-017G 
0-0241 
0-0194 
0-0083 


67-9 

14-5 

5-0 

10-1 

29-6 

3-2 

2-5 

23-9 


0 
0-0350 
0-0393 
0-0332 
0-0190 


0 

0 

100 

100 

111 

101 

22 

11 

13 

9 

76 

81 

76 

81 

1   1-34 

2-83 

1167  1174 

134  133 

1033  1041 

18-1  36-0 


7-4 
33-8 


31-7 


16-8 

10-8 

14-5 

9-1 

9-3 

11-0 

6-3 

6-3 

91 

4-9 

3-4 


23-2 

15-1 

lS-3 

11-6 

16-0 

12-7 

7-5 

12-7 

9-5 

5-0 

9-2 
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(continued  on  next  page)  TABLE  10. 
Comparison  of  Average  Besidts  of  Table  9  toith  Calculation. 


Ill 

IV 

V 

TI  ■ 

VII 

VIII 

IX 

16,17 

39 

/  14,15,  -1 

\  26,  28,  42  / 

38 

52,  53,  54 

45,55 

35 

330 

13-8 

32-8 

34-3 

23-9 

13-7 

33-8 

5-7 

10-0 

6-6 

4-8 

8-0 

9-6 

6-2 

60-3 

58-1 

73-7 

63-1 

59-7 

50-5 

77-0 

14-2 

9-2 

13-7 

16-0 

11-3 

8-1 

15-1 

4-1 

7-9 

5-3 

7-0 

5-7 

5-6 

7-0 

7-6 

17-2 

12-6 

16-7 

14-6 

10-3 

16-0 

29-5 

18-0 

29-4 

33-2 

23-1 

16-0 

32-7 

3-0 

4-9 

3-2 

4-0 

3-3 

3-3 

4-0 

1-5 

3-7 

1-8 

3-4 

2-1 

2-1 

2-9 

25-0 

9-4 

24-4 

25-8 

17-7 

10-6 

25-8 

0 

0 

0 

0-00-25 

0 

0-0013 

0 

0-0350 

0-0147 

0-0339 

0-0332 

0-0245 

0-0127 

0-0341 

0-0337 

— 

0-0392 

— 

0-0289 

— 

0-0408 

0-0284 

0-0206 

0-0326 

0-0312 

0-0233 

00186 

0-0339 

0-0162 

0-0073 

0-0172 

0-0191 

0-0102 

0-0072 

0-0178 

0 

0 

0 

7-0 

0 

9-2 

0 

100 

100 

100 

93-0 

100 

90-8 

100 

99 

151 

102 

118 

114 

146 

113 

10 

38 

11 

14 

16 

30 

14 

5 

30 

6 

12 

11 

19 

10 

84 

83 

85 

92 

87 

97 

89 

84 

83 

85 

86 

87 

88 

89 

2-92 

1-22 

2-88 

2-85 

2-13 

1-12 

3-03 

1171 

1170 

1175 

1172 

1171 

1167 

1176 

1-22 

150 

133 

145 

136 

136 

143 

1049 

1020 

1042 

1027 

1035 

1031 

1033 

36-7 

15-0 

35-3 

36-7 

25-4 

14-4 

35-2 

8-0 

8-1 

8-2 

S-3 

8-4 

8-5 

8-6 

30-5 

30-9 

30-3 

30-0 

29-4 

29-4 

28-8 

19-7 

_ 

24-1 



19-9 



25-1 

13-1 

12-6 

15-6 

13-7 

12-8 

10-9 

16-4 

15-0 



20-3 

— 

17-0 

— 

21-0 

9-8 

10-9 

12-8 

10-4 

10-7 

9-4 

13-5 

16-5 

5-0 

16-5 

12-2 

11-9 

4-9 

14-8 

9-2 



14-3 



12-3 

— 

14-1 

5-5 

8-0 

8-4 

5-3 

7-2 

6-9 

8-3 

13-3 

1-1 

13-4 

8-6 

8-3 

1-7 

11-8 

6-2 



10-6 



9-3 

— 

10-5 

3-0 

6-2 

5-6 

2-7 

4-8 

5-3 

5-4 

9-7 

-0-9 

100 

5-8 

4-8 

-0-9 

7-9 
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TABLE  10.  (continued  from  preceding  page) 

Comparison  of  Average  Besults  of  Tahle  9  with  Calculation. 


Series  of  trials 

X 

XI 

Register  number  of  trials                                                          Nos. 

37      1 

23,24,1 
I    25    / 

Indicated  Horse-Power                                                          I.H.P. 

32-8 

36-2 

Number  of  Expansions                                                            times 

50 

4-9 

Admission,  absolute 

61-7 

85-3 

2.S 

Terminal          ,, 

15-2 

20-0 

00    p 

Back  pressiu-e,  absolute,  beginning  of  compression 

6-8 

14-8 

p  3 

Cushion  pressure,  absolute,  end  of  stroke 

14-8 

32-1 

Mean  Forward  pressure  throughout  stroke 

31-6 

42-2 

a  ^ 

„     Back             „                 „                 „ 

4-1 

S-G 

,,     Cushion        „                ,,                ,, 

2-9 

7-0 

„     Effective      „                „                „ 

24-6 

26-6 

d 

From  Jacket,  collected  during  trial                                lb. 

0 

0 

o  o 

„      Cylinder,     „            „          „                                   lb. 

0-0334 

0-0371 

„             „        calculated  as  unjacketed                       lb. 

0-0354 

0-0473 

,,             ,,                ,,          ,,  jacketed                           lb. 

0-0302 

0-0402 

O 

Accounted  for  by  indicator  at  cut-off                              lb. 

0-0181 

0-0238 

Jacket  Steam  during  trial,  percentage  of  total                per  cent. 

0 

0 

Cylinder  „          „          „              „         ,,      ,,                  per  cent. 

100 

100 

i 

Total,  per  lb.  of  cylinder  steam 

113 

133 

.'3 

Back-pressure,        ,,            ,, 

15 

25 

.^  ^ 

Cushion,                  „            „ 

10 

21 

p'rt 

Effective,                ,,            ,, 

88 

87 

?^  S 

„        per  lb.  of  steam  supplied 

88 

87 

o 

„          ,,   stroke 

2-94 

3-23 

o5 

Per  lb.  of  steam  supplied 

1172 

1178 

ci   S 

,,    ,,     ,,  water  at  back-pressure  temperatui'e 

144 

181 

)-H 

Available  per  lb.  of  steam  supplied 

1028 

997 

I— 1  ^ 

,,           ,,   stroke,  including  jacket  steam 

34-3 

37-0 

EfiBciency,  or  Effective  Work  in  percentage  of  Available  Heat 

8-6 

8-7 

AVater  per  horse-power  per  hour,  including  jacket                   lbs. 

29-1 

29-8 

^ 

Initial,  calculated  as  unjacketed 

20-2 

27-2 

rS 

„                „          ,,  jacketed 

13-3 

17-9 

p 

Net  at  point  A  on  diagrams,  calculated  as  unjacketed 

15-5 

20-8 

05  _2 

))    J.      ))      ).   »          )>                »           ,)  jacketed 

10-0 

13-4 

„     „      „      „    „          ,,         observed 

13-0 

12-4 

,,    at  point  B  on  diagrams,  calculated  as  unjacketed 

8-8 

12-3 

11 

,,    „      „      .,   ,,          ,,                „           „  jacketed 

5-1 

7-1 

c3    S 

CO  aj 

,,    ,,      „      „   ,,          ,,         observed      ,,        „ 

9-9 

8-1 

,,    at  end  of  stroke,  calculated  as  unjacketed 

6-1 

8-6 

'S 

).    ,,      >.    ).      ),               )j          „  jacketed 

2-7 

4-1 

o 

,,    ,,      ,,     ,,      ,,       observed 

7-0 

4-6 
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(concluded  from  page  6QQ)  TABLE  10. 
Com^parison  of  Average  Besults  of  Table  9  tvith  Calculation. 


XTT 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

49,  50,  51 

48 

18,  21,  22 

9,  10,  11 

12,  13,  41 

40 

/    30,31,    \ 

\  32,  33,  34  / 

36-3 

24-1 

29-1 

35-3 

32-9 

33-1 

13-9 

7-3 

6-5 

5-2 

5-6 

6-8 

9-5 

6-1 

59-9 

63-5 

86-4 

61-4 

75-9 

44-8 

78-3 

11-0 

13-9 

19-1 

13-3 

13-1 

7-5 

15-1 

5-4 

5-3 

14-8 

3-9 

4-8 

5-2 

7-4 

8-9 

10-0 

31-1 

7-1 

8-9 

7-5 

16-6 

23-6 

28-8 

41-8 

29-1 

30-8 

14-9 

34-5 

3-3 

3-5 

8-7 

3-0 

3-1 

3-1 

4-4 

1-7 

1-9 

7-2 

1-4 

2-5 

1-5 

3-0 

18-6 

23-4 

25-9 

24-7 

25-2 

10-3 

27-1 

0-0014 

0-0020 

0-0015 

0-0017 

0-0020 

0 

0-0024 

0-0225 

0-0266 

0-0332 

0-0281 

0-0268 

0-0123 

0-0299 

0-0251 

0-0283 

0-0394 

0-0290 

0-0325 

0-0169 

0-0342 

0-0121 

0-0144 

0-0224 

0-0167 

0-0166 

0-0068 

0-0182 

5-8 

7-0 

4-4 

6-2 

7-0 

0 

7-6 

94-2 

93-0 

95-6 

93-8 

93-0 

100 

92-4 

122 

125 

149 

123 

135 

146 

139 

17 

15 

30 

13 

14 

30 

17 

9 

9 

25 

6 

11 

15 

12 

96 

101 

94 

104 

110 

101 

109 

90 

94 

90 

98 

102 

101 

101 

2-02 

2-50 

2-99 

2-75 

2-73 

1-24 

3-02 

1171 

1172 

1179 

1172 

1176 

1165 

1177 

134 

133 

181 

120 

129 

132 

147 

1037 

1039 

998 

1052 

1047 

1033 

1030 

24-8 

29-7 

34-5 

31-3 

30-2 

12-7 

33-3 

8-7 

9-0 

9-0 

9-3 

9-7 

9-8 

9-8 

28-2 

27-3 

28-4 

26-2 

25-4 

25-5 

25-6 



_ 

_ 

_ 

_ 

13-0 

140 

18-1 

13-2 

16-0 

9-9 

16-7 

10-4 

10-7 

13-7 

10-1 

13-3 

8-4 

12-5 

8-6 

9-2 

8-6 

9-3 

10-2 

4-5 

9-9 

6-8 

6-5 

7-6 

5-5 

8-8 

5-9 

7-3 

5-5 

5-4 

41 

5-7 

5-2 

0-9 

6-5 

4-9 

4-1 

4-4 

3-3 

5-4 

4-6 

5-0 

3-1 

2-6 

1-8 

3-9 

3-6 

1-1 

4-1 
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TABLE  11.  (^continued  on  opposite  page) 

Summary  of  observed  results  from  Tahle  10, 
arranged  in  each  group  in  order  of  comparative  efficiency. 


Condensing  or 
Non-Condensing. 

Condensing. 

Series  of  Trials 
in  Table  10 

) 

I 

II 

Ill 

V 

VII 

IX 

X 

Cylinders : — 
U  =  Unjacketed 
J  =  Jacketed 

1 

U 

u 

U 

u 

u 

U 

U 

Initial  Pressure, 
absolute, 
lbs.  per  square  inch 

1 

4S-9 

67-9 

GO-3 

73-7 

59-7 

77-0 

Gl-7 

Number  of  Expansions 

8-5 

5-5 

5-7 

6-6 

8-0 

6-2 

5-0 

Back  Pressure, 
absolute, 
lbs.  per  square  inch 

1 

5-4 

5-0 

4-1 

5-3 

5-7 

7-0 

c-s 

Effective  Work 

1-34 

2-83 

2-92 

2-88 

2-13 

3-03 

2-94 

05 

Useless  "Work 

0-62 

0-70 

0-52 

0-58 

0-66 

0-81 

0-83 

1 

Steam  and  "Water 
at  end  of  stroke 

) 

12-7 

23-3 

23-6 

21-8 

17-8 

23-5 

23-5 

00 

1 

13 

Condensation 
at  end  of  stroke 

\ 
) 

3-4 

9-2 

9-7 

10-0 

4-8 

7-9 

7-0 

a 

Q 

Total  Heat 
excluding  Jacket 

} 

18-1 

3G-0 

36-7 

35-3 

25-4 

35-2 

34-3 

Heat  supplied 
by  Jacket 

} 

y 

? 

? 

? 

? 

? 

? 

The  initial  pressure,  number  of  expansions,  back  pressure,  effective  vrork, 
and  condensation  at  end  of  stroke,  are  all  copied  from  Table  10. 

The  useless  work  is  the  sum  of  the  back-pressure  work  (line  21  in  Table  10> 
and  of  the  cushion  wort  (line  22),  each  per  lb.  of  cylinder  steam,  multiplied  by 
the  weight  of  water  per  stroke  from  the  cylinder  (line  14). 

The  thermal  units  in  the  condensation  at  end  of  stroke  are  the  remainders 
left  after  deducting  from  the  total  heat  (excluding  jacket)  the  effective  and. 
useless  work  and  the  heat  left  in  the  steam  and  water  at  end  of  stroke. 
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(continued  from  opposite  page)  TABLE  11. 
Summary  of  observed  results  from  Table  10, 
arranged  in  each  group  in  order  of  comparative  efficiencij. 


NON- 
CONDENSING. 

Condensing. 

Condensing  and 
superheated. 

XI 

XIV 

VI 

XII 

XIII 

XV 

XVI 

XVIII 

IV 

VIII 

XVII 

U         J 

J 

J 

J 

J 

J 

J 

u 

J 

U 

So-3 

86-4 

631 

59-9 

63-5 

61-4 

75-9 

78-3 

58-1 

50-5 

44-8 

4-9 

5-2 

4-8 

7-3 

6-5 

5-6 

6-8 

61 

10-0 

9-6 

9-5 

14-8 

14-8 

7-0 

5-4 

5-3 

3-9 

4-8 

7-4 

7-9 

5-6 

5-2 

3-23     2-99 

2-85 

2-02 

2-50 

2-75 

2-73 

3-02 

1-22 

1-12 

1-24 

1-70 

1-83 

0-84 

0-58 

0-64 

0-53 

0-67 

0-87 

1-00 

0-G2 

0-55 

27-5 

26-4 

24-6 

17-7 

21-9 

22-2 

21-1 

22-8 

13-7 

12-3 

12-0 

4-6 

1-8 

5-8 

3-1 

2-6 

3-9 

3-6 

4-1 

-0-9 

-0-9 

-1-1 

37-0 

33-0 

34-1 

23-4 

27-G 

29-4 

28-1 

30-8 

15-0 

13-1 

12-7 

? 

1-5 

2-6 

1-4 

2-1 

1-9 

2-1 

2-5 

? 

1-3 

? 

A 

The  thermal  units  left  in  the  steam  and  water  at  end  of  stroke  are  calculated  in 
tlie  manner  detailed  in  Proceedings  1887,  page  492. 

The  total  heat  excluding  jacket  is  the  sum  of  the  four  lines  immediately  above  it, 
and  is  the  number  of  thermal  units  available  per  stroke  (excluding  jacket),  copied 
from  the  diagrams.  Plates  119  to  127. 

The  heat  supplied  by  jacket  is  the  difterence  between  the  heat  available  per 
stroke  including  jacket  steam,  and  the  heat  excluding  jacket,  taken  from  the 
diagrams,  Phxtes  119  to  127. 
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TABLE  12,  (continued  to  page  G75) 

Com^mrison  of  Mr.  Willans'  Observed  results  ivith  Ccdculation. 
See  rroceedings  Inst.  C.  E.  1888,  vol.  xciii,  2>cioes  164-169. 


P    Admission  pressure,  absolute,  lbs.  per  square  inch. 

rTrial   letter,  S  simple,  C  compound,  T  triple;   intended  absolute  mean 
I    admission  pressure,  lbs.  per  square  iucli ;  and  intended  ratio  of  expansion. 
R    Kevolutions  per  minute. 

W    Lb.  weight  of  Steam  per  stroke,  accounted  for  by  indicator  at  cut-oft'. 
PO     Lb.  weight  of  Feed-Water  per  stroke,  Observed. 


FC     Lb.    do.  do.  Calculated  =  pjj-^  -_^^'+(l+c)(l-n)^} 

HO     Heat  units  per  stroke,  missing  at  cut-oft",  Observed. 
HG  Do.  do.  do.  Calculated: 


.7%  (^.-^.>- 


V  N 


Mr.  Willans'  Table  I.    See  Fig.  41,  Plate  129. 

A" 

'='  1-57 

S    ^*^ 
^^2-17 

^   2-8 

^   3-2 

S    '' 
^  3-6 

100 

^~1~ 

R 

393-5 

408-4 

409-1 

403-2 

400-9 

397-7 

406-2 

W 

0-02639 

0-02342 

0-02486 

0-02507 

0-02656 

0-02531 

0-02527 

FO 

0-0299 

0-0290 

0-0338 

0-0329 

0-0353 

0-0368 

0-0359 

FC 

0-0273 

0-0247 

0-0297 

0-0299 

0-0327 

0-0321 

0-0329 

HO 

3-269 

5-166 

8-108 

7-048 

7-863 

10-261 

9-436 

HC 

0-8 

1-2 

3-4 

4-2 

5-4 

6-0 

6-7 

Mr.  Willans'  Table  II.   Eatio  of  Expansion  =  ~     See  Fig.  43,  Plate  130. 

A 

^  3-2 

^  3-6 

0'™ 

^  4-4 

120 

130 
C5-2 

^  5-6 

R 

400-0 

397-6 

405-3 

402-7 

404-1 

401-9 

405-1 

W 

0-02576 

0-02478 

0-02410 

0-02435 

0-02485 

0-02397 

0-02506 

FO 

0-0272 

0-0268 

0-0269 

0-0275 

0-0284 

0-0279 

0-0294 

FC 

0-0268 

0-0267 

0-0267 

0-0279 

0-0289 

0-0288 

0-0306 

HO 

1-271 

1-819 

2-459 

2-748 

3-122 

3-468 

3-781 

HC 

1-0 

1-7 

2-3 

2-9 

3-5 

4-2 

4-8 
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{continued  on  next  page)  TABLE  12. 
Comparison  of  Mr.  Willans'  Olserved  results  ivith  Calcidation. 
See  Troceedincjs  Inst.  C.  E.  1888,  vol.  sciii,  pages  166-173. 


Mr.  Willans' Table  II.    Ratio  of  Expansion  —  -^     1*^.  RpfiViV  44.  Platfi  1.30. 

25 

°       '                   1 

A 

^  3-2 

100 
^  3-6 

c7 

120 

130 
^  4-8 

140 
^  5-2 

c^.^: 

160 
^     6 

K 

401-1 

401-5 

402-9 

402-7 

405-5 

398-7 

404-0 

401-2 

W 

0-02768 

0 -02686   0-02641 

0-02673 

0-02672 

0-02642 

0-02627 

0-02616 

PO 

0-0292 

0-0286 

0-0292 

0-0299 

0-0303 

0-0307 

0-0310 

0-0315 

rc 

0-0289 

0-0290 

0-0293 

0-0304 

0-0311 

0-0316 

0-0321 

0-0327 

HO 

1-404 

1-586 

2-464 

2-742 

3-110 

3-742 

4-091 

4-657 

HC 

1-1 

1-9 

2-5 

3-2 

3-8 

4-5 

5-1 

5-6 

Mr.  Willans'  Table  III.     See  Fig.  51,  Plate  131. 

Ratio  of      p 
Expansion  =-^_ 

P-10 
Ratio  of  Expansion  —      n^ 

A 

150 
T     6 

T.  160 

^   6-4 

rp    150 

^  5-6 

rx.     160 

rr.     I'O 

^6-4 

E 

409-0 

408-4 

405-6 

401-2 

400-4 

W 

0-02578 

0-02596 

0-02734 

0-02764 

0-02805 

ro 

0-0268 

0-0279 

0-0289 

0-0289 

0-0295 

FC 

0-0261 

0-0273 

0-0273 

0-0280 

0-0290 

HO 

1-285 

1-632 

1-316 

1-101 

1-263 

HC 

0-3 

0-7 

0-0 

0-3 

0-8 

Mr.  Willans'  Table  IV.     See  Fig.  48,  Plate  131. 

A 

^130 

130 

130 

^  4-8 

130 
^  5-2 

130 
*^  5-6 

130 
^     6 

130 

K 

406 -S 

405-0 

405-5 

401-9 

402-6 

400-0 

404-4 

■w 

0-03098 

0-02S76 

0-02672 

0-02397 

0-02323 

0-02155 

0-01649 

FO 

0-0340 

0-0320 

0-0303 

0-0279 

0-0271 

0-0264 

0-0220 

rc 

0-0344 

0-0327 

0-0311 

0-0288 

0-0284 

0-0270 

0-0227 

HO 

2-679 

2-86 

3-110 

3-468 

3-395 

4-291 

4-848 

HC 

3-0 

3-4 

3-8 

4-2 

4-5 

4-7 

5-4 
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TABLE  12.  (^continued  from  preceding  page) 

Comparison  of  Mr.  Willana'  Observed  results  with  Calculation. 
See  Proceedings  Inst.  C.  E.  1888,  vol.  xciii,  ^Jajes  174-177. 
.    (  Trial  letter,  S  simple,  C  compound,  T  triple ;  intended  absolute  mean 
I      admission  pressure,  lbs.  per  square  inch ;  and  intended  ratio  of  expansion. 
R      Revolutions  per  minute. 

W      Lb.  weight  of  Steam  per  stroke,  accounted  for  by  indicator  at  cut-oif. 
FO      Lb.  weight  of  Feed- Water  per  stroke,  Observed. 

FC      Lb.      do.  do.    Calculated  =  p\-j=  ^^'  +(l+c)  (1  -n)Xj 

HO     Heat  units  per  stroke,  missing  at  cut-off.  Observed. 
HC  Do.  do.  do. 


56 


Calculated  =-,  „('S,->S,)pi 


Mr.  Willans'  Table  V  (continued  heloio).   See 

Figs.  39-40, 

Plate  129. 

A 

^2-174 

^2-8 

R 

408-4 

200-6 

110-5 

409-1 

205-2 

112-7 

W 

0-02342 

0-02462 

0-02488 

0-02486 

0-02574 

0-02590 

FO 

0-0290 

0-0323 

0-0380 

0-0338 

0-0393 

0-0478 

FC 

0-0247 

0-0264 

0  0273 

0-0297 

0-0313 

0-0332 

HO 

5-16G 

7-139 

11-97 

8-168 

12-262 

19-864 

HC 

1-2 

1-7 

2-2 

3-4 

5-0 

6-6 

R 
W 
FO 
FC 
HO 
HC 


Mr.  Willans'  Table  V  (^continued  from  above).  See  Figs.  39-40,  Plate  129. 

«^: 

^4-4 

400-9 

2-23-0 

122-8 

406-2 

223-7 

138-0 

0-02656 

0-02616 

0-02657 

0-02527 

0-02659 

0-0274 

0-0353 

0-0348 

0-0461 

0-0359 

0-0461 

0-0494 

0-0327 

0-0340 

0-0372 

0-0329 

0-0371 

0-0413 

7-863 

7-564 

17-523 

9-436 

14-338 

19-475 

5-4 

7-0 

9-5 

6-7 

9-3 

11-8 
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(concluded  from  page  672)  TABLE  12, 

Comparison  of  3Ir.  Willans'  Observed  results  ivitJi  Calculation. 
See  Proceedings  Inst.  C.  E.  1888,  vol.  xciii,  pages  178-185. 


Mr.  Willans'  Table  VI.     See  Figs.  45  to  47,  Plate  130. 

A 

^3-2 

ci^l 

130 

^  4-8 

E 

401-1 

210-8     122-0 

402-9     212-0  I  123-8 

405-5  1  216-4  j  130-9 

"W  |0- 02768 

0-02920  0-02951 

0-02641  0-02645  0 -02753 

0-02672  0-02692  0-02686, 

PO  0-0292 

0-0334 

0-0.370 

0-0292   0-0332   0-0368 

0-0303   0-0333 

0-0382 

FC  0-0289 

0-0309 

0-0318 

0-0293   0-0304   0-0328 

0-0311    0-0.329 

0-0346 

HO 

1-404 

3-786 

6 -682 

2-464     6-000     8-230 

3-110 

5-611 

9-94 

HC 

1-1 

1-5 

20 

2-5         3-5         4-6 

3-8 

5-0 

6-7 

Mr.  WUlans'  Table  YII.     See  Fig.  42,  Plate  130.      *  Throttled 

A 

0? 

^  4 

0? 

^  4 

^7 

c? 

r,7 

c.'f 

'of 

R 

399-9 

413-1 

399-8 

405-7 

405-3 

402-9 

409-6 

406-8 

400-3 

W 

0-01508 

0-01745  0-02103  0-02169 

0-02410  0-02641 

0-02852 

0-03099 

0-01447 

PO 

0-0183 

0-0206 

0-0224   0-0250 

0-0269 

0-0292 

0-0325 

0  0340 

0-0171 

PC 

0-0167 

0-0194 

0-0232   0-0241 

0-0267 

0-0293 

0-0317 

0-0344 

0-0161 

HO 

2-931 

2-845 

2-055 

2-959 

2-459 

2-464 

3-505 

2-679 

2-405 

HC 

1-5 

1-7 

1-9 

2-1 

2-3 

2-5 

2-8 

3-0 

1-5 

PO 
PC 
HO 
HC 


Mr.  Willans'  Tables  VIII  and  IX.     See  Figs.  49  and  50,  Plate  131. 

Table  VIII.    Fig.  49. 

Table  IX.     Fig.  50. 

160 
^  5-2 

160 
^  5-6 

160 
^     6 

130 
^  5-6 

^  5-6 

oil 

5-6 

160 
^  5-6 

421-7 

411-3 

401-2 

402-6 

405-1 

404-1 

411-3 

0 -02985 

0-02773 

0-02616 

0- 023-23 

0-02506 

0-02627 

0-02773 

0-0344 

0-0325 

0-0315 

0-0271 

0-0294 

0-0310 

0-0325 

0  0355 

0-0339 

0-0327 

0-0284 

0-0306 

0-0321 

0-0339 

3-894 

4-095 

4-656 

3-396 

3-781 

4-091 

4-095 

4-8 

5-3 

5-6 

4-5 

4-8 

5-1 

5-3 
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Discussion. 

Mr.  P.  W.  WiLLANS  tliouglifc  any  experiments  of  the  sort 
described  in  the  paper  just  read  must  throw  great  liglit  on  matters 
wbicli  all  engineers  wished  to  investigate.  In  making  his  own  trials, 
which  had  been  alluded  to  in  the  paper,  he  had  started  with  very 
different  opinions  from  the  author's  ;  and  after  reading  the  j)aper  he 
did  not  feel  inclined  to  alter  his  opinions. 

In  page  643  it  was  stated  that,  in  order  to  measure  as  accurately  as 
practicable  the  quantity  of  feed-water  used,  it  was  determined  to 
weigh  both  the  feed-water  into  the  boiler,  and  also  the  condensed 
water  after  passing  through  the  engine.  After  doing  this  the  author 
came  to  the  conclusion  (page  644)  that  it  was  best  to  weigh  the  water 
as  it  came  out ;  and  he  asked  why  that  was  considered  the  best  plan. 

Major  English  replied  the  only  reason  was  because  there  were  a 
great  many  slight  discrepancies  in  the  weight  of  the  feed-water. 

Mr.  WiLLANS  said  it  appeared  to  him  that  the  figures  calculated 
from  the  water  collected  as  it  came  out  from  the  engine  showed  more 
economical  results  than  those  calculated  from  the  water  supplied, 
because  in  most  trials  the  water  coming  out  seemed  less  than  the 
water  which  went  in  ;  but  he  wished  to  understand  the  author's  ground 
for  considering  that  the  former  were  more  accurate.  In  some  of  his 
own  intended  trials  he  was  going  to  measure  the  water  when  it 
came  out.  There  were  many  cases  in  the  paper  where  there  was  as 
much  as  10  per  cent,  difference  between  the  water  going  in  and  the 
water  coming  out ;  and  of  course  such  a  difference  must  much  affect 
the  economical  result. 

The  President  asked  what  Mr.  Willans  thought  would  be  the 
real  difference  between  the  water  going  in  and  that  coming  out. 

Mr.  WiLLANS  was  unable  to  say,  and  he  did  not  see  why  there 
should  be  any  difference  ;  he  had  made  the  enquiry  only  in  order  to 
know  whether  there  was  any  real  reason  for  taking  the  figures  for 
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the  weight  of  the  water  as  it  came  out  from  the  engine  in  preference 
to  as  it  went  into  the  boiler.  In  Table  9  the  total  collected  water 
iu  line  j  did  not  agree  with  the  water  collected  from  the  cylinders 
and  from  the  jacket  together  in  lines  Ic,  I,  and  m :  which  seemed 
rather  puzzling. 

Major  English  explained  that  the  total  collected  water 
included  all  the  water  passing  through  the  engine  from  the 
commencement  of  firing  with  weighed  coal,  and  was  given  separately 
in  line  j  in  Table  9.  There  was  therefore  no  reason  why  it  should 
agree  with  the  water  shown  in  lines  Tc,  I,  and  m,  which  was  that  coining 
out  from  the  engine  during  the  number  of  revolutions  indicated  by 
the  counter. 

Mr.  WiLLANS  considered  the  feed- water,  being  really  the  water 
going  in,  was  comparable  with  the  water  collected  from  the 
cylinders  and  jackets. 

Major  English  said  it  was  comparable  only  with  the  total  water 
collected,  not  with  the  water  collected  from  the  cylinders.  The 
total  collected  water  was  the  water  collected  during  the  whole  time 
that  evaporation  was  going  on  from  the  burning  of  weighed  coal ; 
but  the  water  collected  from  the  cylinders  and  jacket  was  the  water 
collected  only  during  the  connection  of  the  engine  with  the  counter. 

Mr.  WiLLANS  thought  it  was  important  that  the  distinction 
should  be  made  clear ;  but  there  appeared  even  then  to  be  grave 
differences  between  the  feed-water  and  the  collected  water.  For  in 
series  IV  of  Table  9  (page  659)  the  feed-water  was  given  as  600  lbs., 
while  the  total  water  collected  was  only  520  lbs,,  showing  a 
difference  of  13  per  cent.,  which  had  the  appearance  of  being  rather 
a  serious  difference  in  trials  of  this  kind. 

In  the  conclusions  at  the  end  of  the  paper  (page  655)  three  ways 
were  mentioned  for  reducing  the  loss  caused  by  excess  of 
condensation  over  re-evaporation  at  the  end  of  the  stroke.  But  he 
himself  did  not  admit  that  there  was  any  loss  from  the  excess  of 
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condensation  over  rc-evaporation.  As  he  understood  the  diagrams  ia 
Plates  119  to  127,  the  heat  units  had  been  deduced  from  the  water 
missing  at  certain  points  of  the  stroke :  that  is,  at  the  point  A  in 
Fig.  1,  for  instance,  the  steam  pressure  had  been  measured  and  the 
steam  present  calculated,  and  the  heat  units  corresponding  with  the 
condensation  of  the  steam  not  so  accounted  for  had  been  plotted 
downwards  in  Fig.  2  from  the  zero  or  datum  line,  and  similarly  at 
the  point  B  ;  and  thence  certain  conclusions  had  been  deduced. 
But  it  appeared  to  him  that  the  author  had  omitted  to  take  account 
of  the  water  which  had  been  formed,  due  to  the  work  done  during 
the  period  between  the  cut-off  and  the  point  of  measurement ;  and 
in  some  of  the  diagrams  this  omission  was  all  the  more  serious  a 
matter  because  the  figures  actually  showed  an  excess  of  re-evaporation 
(see  Figs.  8,  16,  and  34).  This  excess  appeared  to  be  in  spite  of 
work  done  ;  and  therefore  the  omission  appeared  to  him  seriously 
to  affect  the  results.  The  paper  seemed  to  proceed  on  the 
assumption  that  it  was  desirable  that  re-evaporation  should  as 
far  as  possible  balance  condensation:  not  merely,  he  imagined, 
that  the  re-evaporation  after  the  cut-off  should  balance  the 
condensation  before ;  but  that  the  whole  condensation  and  re- 
evaporation  in  the  entire  stroke  should  balance  each  other.  The 
latter  was  a  physical  impossibility:  they  could  not  do  so.  The 
other  might  happen ;  or  again  the  re-evaporation  after  the  point 
of  cut-off'  might  balance  or  more  than  balance  during  the  forward 
stroke  the  condensation  after  the  point  of  cut-off,  but  this  could 
only  be  in  an  engine  working  under  excessively  bad  conditions ;  this 
at  least  was  his  own  experience,  in  cases  where  a  jacket  was  not  in 
use.  In  his  own  trials  with  simple  engines,  as  a  matter  of  fact 
the  re-evaporation  after  the  point  of  cut-off  exceeded  the 
condensation ;  and  it  would  do  so  wherever  the  initial  condensation 
was  very  large  ;  but  in  all  those  cases  the  efficiency  was  extremely 
low.  The  balance  of  condensation  before  cut-off  and  of  re- 
evaporation  after  was  therefore  not  a  thing  to  aim  at  in  any  way ; 
and  accordingly  engineers  should  not  be  satisfied  with  largo 
initial  condensation  accompanied  by  large  subsequent  re-evaporation, 
but  should  aim  at  reducing  both  to  the  smallest  possible  amounts. 
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In  order  to  arrive  at  this  balance  it  was  then  argued  by  tbe 
author  (page  655)  that  it  was  desirable  to  have  a  very  long  cylinder 
of  a  comparatively  small  diameter.  His  own  trials  however  had 
been  made  on  an  engine  which  was  proportioned  the  other  way, 
with  a  large  diameter  of  cylinder  and  a  short  stroke ;  and  even 
when  it  was  tried  at  the  slowest  speed,  most  unfavourable  to  that 
particular  kind  of  engine  which  presented  so  large  an  extent  of 
surface  to  the  steam,  the  results  were  broadly  speaking  more 
favourable  than  the  author's  under  similar  conditions.  In  page  646 
it  was  stated  that  the  several  series  of  trials  had  been  grouped  in 
Tables  9  and  10  in  the  order  of  their  comparative  efficiency.  For 
the  purpose  however  of  comparing  them  more  readily  with  his 
own  figures,  he  had  re-arranged  the  trials  in  the  order  of  increasing 
steam-pressure,  as  shown  in  Table  13,  on  page  G80.  Starting 
from  the  left-hand  end  of  the  Table,  the  first  three  series  of  trials 
were  made  with  45  to  50  lb?,  steam,  the  first  two  being  unjacketed, 
and  the  third  jacketed ;  then  came  four  unjacketed  series  at  about 
60  lbs.,  and  then  four  jacketed,  also  at  about  60  lbs. ;  next  followed 
three  unjacketed  at  68  to  77  lbs.,  and  then  two  jacketed  at  about  the 
same  pressure ;  and  last  of  all  came  two  non-condensing  series,  one 
not  jacketed  and  one  jacketed,  at  about  85  and  86  lbs.  pressure. 
It  appeared  to  him  that,  by  grouping  these  series  in  the  order  of 
efficiency  in  Tables  9  and  10,  the  fact  was  lost  sight  of  that  there 
were  serious  discrepancies  between  the  groups  of  trials.  For 
instance,  the  group  which  was  ranked  in  Tables  9  and  10  as 
No.  XVII,  because  it  showed  so  high  an  efficiency,  he  himself  had 
put  first  in  Table  13  because  it  had  the  lowest  steam-pressure, 
namely  44-8  lbs.  only  ;  and  when  this  was  compared  with  the  next 
higher  in  pressure,  which  was  No.  I  in  Tables  9  and  10  with  a 
steam-pressure  of  48  •  9  lbs.,  the  expansions  were  not  very  different, 
being  9 '5  and  8'5  times  respectively,  but  the  water  per  horse-power 
per  hour  including  the  jacket  was  in  the  one  case  25*5  lbs.  and  in 
the  other  33  •  8  lbs.  It  seemed  to  him  that,  when  these  two  groups  of 
trials  were  thus  brought  into  juxtaposition,  this  was  a  large 
discrepancy  to  get  in  the  water,  bearing  in  mind  that  the  comj)arison 
was  not  between  single  indicator  diagrams,  but  between  groups  of 
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trials  and  groups  of  indicator  diagrams  of  not  less  tlian  sixteen  in 
any  one  trial.  Botli  series  of  trials,  No.  I  and  No.  XVII,  were 
unjacketed ;  and  wlien  alongside  them  was  placed  tLe  next  in  order 
of  increasing  steam-pressure,  namely  the  jacketed  series  No.  Till 
with  50  •  5  lbs.  pressure,  it  appeared  to  him  that  the  figures  were 
so  widely  discrepant  as  to  allow  of  arguing  from  them  in  almost 
any  direction.  One  person  who  did  not  believe  in  jackets  might 
support  his  view  by  arguing  that,  while  in  No.  XVII  with 
44*8  lbs.  pressure  and  no  jacket  the  efficiency  was  9-8  in  Table  10, 
it  was  only  8-5  in  No.  VIII  with  50*5  lbs.  pressure  and  with  the 
jacket  in  use ;  but  another  person  who  did  believe  in  jackets  might 
say  that  No.  VIII  was  so  much  more  economical  than  No.  I,  because 
in  No.  VIII  with  the  jacket  in  use  the  efficiency  was  higher  and  the 
water  consumption  lower  than  in  No.  I  without  the  jacket.  Before 
therefore  any  definite  conclusions  could  really  be  arrived  at,  he 
thought  that  trials  or  groups  of  trials  were  wanted  which  should  bo 
rather  more  concordant  in  the  figures  they  gave. 

In  pages  647  and  648  the  opinion  was  strongly  expressed  that  the 
range  of  temperature  in  the  cylinder  had  comparatively  little  to  do 
with  the  condensation.  In  the  discussion  upon  the  author's  former 
paper  (Proceedings  1887,  page  529)  he  had  pointed  out  an  example 
in  which  the  initial  condensation  in  a  condensing  engine  apj^eared 
to  be  less  than  in  a  non-condensing  engine,  in  spite  of  the  smaller 
range  of  temperature  in  the  cylinder  of  the  latter.  In  the  trials 
recorded  in  the  present  paper  there  did  not  appear  to  be  a 
sufficient  difference  in  range  of  temperature  for  enabling  any 
decided  opinion  to  be  formed  upon  the  relation  between  range  of 
temperature  and  initial  condensation.  Thus  in  Table  13,  where 
there  was  only  5^  difference  in  range  of  temperature  between 
group  XVII  and  groups  I  and  VIII,  the  initial  condensation 
varied  no  less  than^from  45  per  cent,  to  53  and  then  back  to  43  per 
cent.  Altogether  in  Table  13,  excluding  the  last  two  non- 
condensing  groups,  the  utmost  difterence  in  the  range  of  temperature 
was  seen  to  be  only  40^,  namely  from  108^  to  148^  There  were 
also  discrepancies  in  the  water  consumption  in  similar  trials, 
the  water  per  horse-power  per  hour  in  group  I  being  about  33  per 

3  F  2 


C82  CONDENSATION    AND   RE-EVAPORATION.  OcT.  1889. 

(Mr.  P.  W.  Willaiis.) 

cent,  greater  than  in  group  XVII.  So  that  it  appeared  to  him 
to  bo  idle  to  argue  cither  one  way  or  the  other,  as  to  either 
the  existence  or  the  absence  of  any  relation  between  range  of 
temperature  and  initial  condensation :  the  recorded  figures  were 
hardly  close  enough  to  bring  out  in  clear  relief  such  a  relation  if  it 
did  exist.  Moreover  it  seemed  to  him  that  these  ranges  of 
temperature  were  all  much  too  high  for  a  single  cylinder,  and 
consequently  that  from  such  an  engine  it  was  idle  to  hope  for 
economical  results  in  any  case ;  the  expansion  in  the  single  cylinder 
was  seen  in  Table  13  to  range  from  4-8  times  to  as  high  as  10-0 
times,  and  it  was  not  surprising  therefore  that  the  initial  condensation 
rose  as  high  as  58  per  cent.  These  percentages  he  had  calculated 
from  the  figures  given  in  Table  10  of  the  water  collected  from 
the  cylinder  per  stroke  and  of  the  water  accounted  for  by  the 
indicator  at  the  point  of  cut-off;  and  assuming  them  to  be  correct,, 
it  was  seen  that  in  the  highest  instance  as  much  as  58  per  cent, 
of  the  steam  which  went  into  the  cylinder  was  condensed  before 
cut-off.  In  the  two  groups  of  non-condensing  trials,  N"os.  XI 
and  XIV,  where  the  raugo  of  temj^erature  was  least,  namely  104° 
and  105°,  it  would  be  seen  that  the  initial  condensation  had  gone 
down  to  36  per  cent,  and  33  per  cent,  only :  which  was  in 
accordance  with  the  effect  of  reduced  range  of  temperature  in  other 
engines.  All  through  the  trials  with  such  an  engine  he  should 
have  been  inclined  to  say  that  jackets  ought  to  do  a  great  deal  of 
good ;  but  in  some  way  or  other  the  jacketing  seemed  not  to  have 
been  well  arranged.  In  the  non-jacketed  trials  it  appeared  from' 
page  646  that  the  water  which  was  in  the  jackets  had  not  been  debited,^ 
and  the  curious  method  had  been  adopted  of  putting  the  jackets 
out  of  action  by  shutting  the  jacket  drain-cock ;  probably  that  was 
owing  to  some  peculiarity  in  the  construction  of  the  engine. 

Major  English  said  it  was  impossible  to  do  otherwise. 

Mr.  "WiLLANS  inferred  that,  during  the  first  half-hour  or  so  of 
the  engine  running,  the  cylinder  must  have  been  acting  to  a  certaiii 
extent  as  though  it  were  jacketed,  until  the  jacket  got  full  of  water ; 
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and  therefore  the  jacket  water  ought  properly  to  be  debited  to  the 
account,  though  of  course  it  was  but  a  small  matter,  and  as  soon  as  the 
jacket  was  full  of  water  it  became  not  a  steam  jacket  but  a  water  jacket. 
As  to  the  effect  of  density  of  the  steam,  it  was  stated  in  page  G48 
that  all   the   author's   trials,  and   all  others  which  he  had  had  an 
•opportunity  of  analyzing,  tended  most  conclusively  to  show  that  the 
initial  condensation  varied  directly  as  the  density  of  the  incoming 
steam.     This  was  one  of  the  points  to  which  he  had  himself  referred 
in   his   own    paper    in    1888    (Proceedings   Inst.    C.E.,   vol.    xciii, 
page  155),  and  he  had  made  the  trials  in  Table  VII  (page  183)  on 
purpose  to  see,  if  he  could,  whether  that  was  so  or  not.     The  results 
were    plotted  from   the   line   HO  (Table  VII,  page   675)   by   the 
black  dots  in  Fig.   52,  Plate  132,  in   which   it  was  seen  that  the 
density  of  the  steam  varied  from  O'li  to  0*29.     This  was  probably 
the  most  unsatisfactory  of  all  the  series  of  his  own  trials,  because  the 
plotted  black  dots  were  here  wider  apart  than  in  almost  any  others  of 
them.     But  when  the  straight  line  CO  was  drawn  to  represent  the 
condensation  at  cut-off  varying  directly  as  the  density,  the  results 
of  his  own  trials  were  seen   to  be  so  far  removed  from  this  line 
that  he  thought  the  condensation  could  not  be  said  to  vary  as  the 
density.     The  line  CO  was  here  drawn  starting  from  the  dots  on  the 
left,  because  at  the  lowest  density  there  were  two  trials,  one  checking 
the  other.     On  the  other  hand  he  had  then  taken  the  converse  cases 
where  the  density  of  the  steam  did  not  vary,  and  had  plotted  in  Fig. 
53,  Plate  132,  both  the  observed  condensation  at  cut-oif  as  given  in 
his  own  Table  IV  (page  673)  and  shown  by  the  black  dots  and  the 
a,verage  line  WW,  and  also  the  author's  calculated  condensation  at 
cut-off  as  given  in  Table  10  and  shown  by  the  open  circles  and  the 
average  line  EE.   It  was  seen  that  the  two  appeared  to  go  pietty  well 
together,  so  far  as  their  general  direction  went.     These  diagrams 
might  be  wrong,  but  at  any  rate  one  was  a  curious  corroboration  of 
the  other ;  and  they  could  hardly  be  held   to  justify  the  author's 
inference  from  them,  namely   that  the  initial  condensation  varied 
directly  as  the  density  of  the  incoming  steam. 

He  quite  agreed  with  the  author's  concluding  remark  that   it 
would  be  a  most  useful  thing  if  a  formula  could  be  arrived  at  from 
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■which  it  could  be  ascertained  beforehand  exactly  how  much  steam  was 
likely  to  be  used  in  any  engine.  The  probability  was,  he  thought, 
that  there  would  be  very  different  constants  for  different  kinds  of 
engines ;  and  although  it  seemed  conscr^uently  almost  impossible  to 
construct  any  general  formula,  still  any  attempt  to  do  so  ought 
to  be  ■welcomed.  If  therefore  ho  criticised  any  formula  in  the 
paper,  he  hoped  he  might  be  regarded  as  doing  so  only  in  the 
hope,  however  remote,  that  some  i:)ractically  useful  expression 
might  ultimately  be  arrived  at. 

Starting  from  the  author's  position  that  range  of  temperature  had 
nothing  to  do  ■with  the  initial  condensation,  it  could  but  be  expected 
that  very  little  about  range  of  temperature  -would  be  found  in  the 
formula.     At  the  bottom  of  page  652  there  -was  a  formula  for  the 

■weight  of  steam  used  per  stroke  in  unjacketed  cylinders,  of  which  only 

SO  S  —  s 

the  two  factors,    7-^  and  —^ — ',  represented  the  portion  that  applied 

to  initial  condensation.     Here  the  constant  80  was  of  course  only 

deduced  from  a  series  of  trials,  and  N  was  the  number  of  revolutions 

per  second.     This  he  believed  was  Professor  Cotterill's  expression, 

and  he  sujiposed  it  was  quite  right  :  although  he  thought  his  own 

experiments  justified  the   opinion  that  besides  mere   surface  there 

were  other  causes  for  condensation,  which  did  not  follow  the  same 

law.     Then  as  to  the  other  factor,  S  was  the  unjacketed  clearance 

surface,  agreeably  with  the  assumption  in  page  647  that  any  surface 

which  was  jacketed  had  no  effect  in  causing  initial  condensation ; 

but   although   he   thought   the  jacketing  of  the  clearance   surface 

diminished  its  condensing  effect,  he  did  not  agree  with  the  author 

that  it  eliminated  it.     From  the  unjacketed  clearance  surface  S   wa& 

then  subtracted  the  fresh  surface  S^  exposed  during  admission.     In, 

regard   to   this    difference  aS^  —  ^^  it  would  be   noticed  that  if  S 

equalled  S^^  there  ought  to  be  no  initial  condensation  whatever ;  and 

there  must  be  a  large  number  of  engines  in  which  it  was  the  case 

that  the  clearance  surface  S^  did  equal  the  fresh  surface  Si  exposed 

during  admission.     It  therefore  seemed  to  him  that  the  minus  sign 

ought  to  be   plus,  changing  the  difference  S,  —  Si  into  the  sum 

Sc-\-  Sii  for  he   considered  the   fresh   surface  iS'^  exposed  during 
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admission  -was  as  important  a  factor  in  tlie  condensation  as  was  tlae 
iinjacketed  clearance  surface  S_ :  the  one  was  just  as  true  a  cause 
of  initial  condensation  as  tlie  other :  understanding  by  initial 
condensation  the  condensation  up  to  the  point  at  which  it  could 
first  be  accurately  measured,  namely  up  to  cut-off.  To  prevent 
initial  condensation  it  was  necessary  that  both  the  clearance  surface 
and  tlje  fresh  surface  exposed  during  admission  should  be  presented 
to  the  entering  steam  at  a  temperature  as  little  below  that  of  the 
entering  steam  as  possible.  It  seemed  to  him  a  great  pity  that  the 
steam  condensed  in  the  ports  and  in  the  body  of  the  cylinder  should 
be  all  included  in  the  same  formula.  There  was  no  difficulty  in 
calculating  the  steam  req[uired  to  fill  the  body  of  the  cylinder 
during  the  stroke ;  what  was  wanted  to  be  ascertained  was  merely 
the  portion  of  steam  that  got  condensed  at  the  start,  that  is,  up  to 
the  point  of  cut-off.  If  the  two  were  mixed,  it  seemed  likely  that 
only  an  approximate  result  would  be  arrived  at. 

As  to  the  general  results  of  the  author's  formula,  the  agreement 
of  his  calculations  with  the  speaker's  observed  results  was  certainly 
very  close  in  many  of  the  figures  shown  in  Plates  129  to  131 ;  and  it 
was  all  the  more  curious,  because  in  his  own  engine  there  was  a 
considerable  clearance  space,  which  the  author  did  not  aj^pear  to 
know  anything  about,  and  which  therefore  his  formula  did  not 
cover.  There  was  a  considerable  amount  of  steam  supplied  to  fill 
a  passage  in  the  trunk,  which  had  to  be  filled  from  the  back  pressure 
up  to  tho  pressure  at  cut-off.  Hence  the  agreement  between  the 
author's  formula  and  the  speaker's  results  appeared  to  be  much 
closer  than  it  actually  was.  The  filling  up  of  the  clearance  space 
was  of  course  a  much  more  important  matter  when  the  pressure  was 
high  than  when  it  was  low,  that  is,  when  the  density  was  higher 
and  more  steam  was  req[uired  to  fill  it;  and  the  omission  of  this 
steam,  which  was  not  covered  by  the  author's  formula,  appeared  to  lend 
colour  to  the  view  that  the  condensation  increased  with  the  density. 

Another  point  he  should  like  to  raise  was  in  connection  with 
the  remark  in  page  647  that  the  jacketed  surface  had  nothing  at  all 
to  do  either  with  the  initial  condensation  or  with  tho  subsequent 
re-evaporation  during  the  stroke.     What  then  was  the  good  of  having 
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two  formulae,  or  rather  one  formula  witli  two  coefficients,  one  for 
unjacketctl  cylinders  and  the  other  for  jacketed  ?  In  the  first  case  a 
formula  was  arrived  at  by  eliminating  the  jacketed  surface  and 
treating  only  of  the  remaining  surface  which  was  uujacketed ;  and 
then  after  doing  so  this  same  formula  with  a  change  of  coefficient 
was  adopted  for  the  jacketed  cylinder.  In  Fig.  2,  Plate  119,  he 
observed  that  the  dots  denoting  the  observed  results  agreed  very 
well  with  the  line  JJ  calculated  fur  the  jacketed  cylinder,  and  yet 
this  jjarticular  trial  happened  to  be  with  the  cylinder  unjacketed  ; 
and  the  same  remark  applied  also  to  Fig.  14,  Plate  122,  and  Fig.  22, 
Plate  12i:  so  that  it  seemed  to  him  that  the  formula  was  only 
approximate,  and  that  the  one  coefficient  fitted  quite  as  well  as  the 
other,  irrespective  of  whether  the  cylinder  was  jacketed  or  not. 

In  the  trials  made  with  air  admitted  into  the  cylinder  during 
the  exhaust  (page  644),  for  the  purpose  of  seeing  whether  the  initial 
condensation  could  thereby  be  reduced,  it  was  mentioned  that  this 
result  was  obtained,  but  that  the  back-pressure  was  increased.  It 
seemed  as  though  the  author  had  not  realised  that  this  experiment 
amounted  in  effect  to  opening  an  air-cock  into  the  condenser,  and  to 
that  extent  spoiling  the  vacuum  and  diminishing  the  range  of 
temperature.  The  reference  in  page  647  to  experimental  evidence 
showing  that  the  rate  of  transmission  of  heat  through  a  metallic 
plate  depended  on  the  diflerence  of  temperature  of  the  media  on 
either  side  seemed  to  him  not  to  bear  at  all  on  the  subject  of  the 
paper.  Surface  condensation  and  re-evaporation  in  a  cylinder 
depended  on  the  film  of  metal  exposed  to  the  steam ;  and  this  film 
jjrobably  alternated  between  the  higher  and  lower  temperature  of 
the  entering  and  the  exhaust  steam.  It  seemed  to  him  impossible 
to  imagine  cylinder  condensation  apart  from  range  of  temperature. 

Professor  James  H.  Cotteiull  said  the  author's  formulse  were 
mainly  based  on  three  sui)i)ositions :  first,  that  initial  condensation 
would  be  proj)ortional  to  the  density  of  the  incoming  steam  (page  648) ; 
second,  that  it  did  not  depend  on  the  range  of  temperature  (page  648)  ; 
and  third,  that  it  was  proportional  to  the  area  of  the  surface,  and 
inversely  as  the  square  root  of  the  speed  (page  647). 
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Witli  regard  to  density,  it  appeared  to  liim  tliat  there  were 
conceivable  circumstances  in  whicli  tlie  rate  of  condensation  might 
vary  as  the  density.  If  the  whole  mass  of  the  cylinder  were 
imagined  to  be  at  a  uniform  low  temperature,  and  the  steam  to  be 
suddenly  admitted  to  it,  then  the  metal  would  absorb  heat  with 
extreme  rapidity,  and  the  condensation  would  probably  depend 
on  two  things :  on  the  obstruction  which  was  offered  to  the  passage 
of  heat  by  the  film  of  water  condensed  upon  the  surface ;  and  again 
on  the  number  of  particles  of  steam  which  could  come  into  contact 
v,'ith  the  surface  in  a  given  time.  His  own  idea  was  that  it  would 
depend  mainly  on  the  obstruction  which  the  film  of  water  ofiered. 
But  if  access  of  the  steam  to  the  surface  was  obstructed  sufficiently 
by  contracted  passages  and  a  slowly  opening  slide-valve,  condensation 
might  be  conceived  to  vary  as  the  number  of  particles  of  steam 
which  were  capable  of  coming  into  contact  with  the  cylinder  surface 
in  a  given  time :  which  meant  that  it  would  be  in  proportion  to  the 
quantity  of  steam  within  a  given  distance  of  the  surface,  and  hence 
to  the  density  of  the  steam,  as  the  author  supposed.  But  it  seemed 
to  him  that  this  was  not  at  all  the  condition  of  things  in  the  actual 
cylinder,  which  was  being  alternately  heated  and  cooled.  Every 
particle  of  the  metal  was  going  through  a  cycle  of  changes  of 
temperature ;  and  under  these  circumstances  it  seemed  to  him  that 
the  condensation  must  vary  as  the  range  of  temperature  of  the  metal. 
Moreover  the  changes  of  temperature  penetrated  the  metal  to  a  very 
short  distance,  and  the  absorption  of  heat  was  limited  by  the 
necessity  of  giving  out  the  same  amount  when  the  temperature  fell. 
Obstructed  access  to  the  surface,  though  not  without  influence,  did 
not  seem  to  him  so  important  as  to  cause  the  condensation  to 
vary  as  the  density  of  the  incoming  steam.  It  might  depend 
on  the  density  of  the  exhaust  steam ;  but  that  was  a  different 
question.  It  seemed  then  that  the  initial  condensation  must  depend 
on  the  range  of  temperature  of  the  metal ;  but  it  did  not  follow  that 
the  range  of  temperature  of  the  metal  was  the  same  as  the  range  of 
temperature  of  the  steam.  Although  the  temperature  of  the  metal 
might  be  approximately  the  same  as  that  of  the  steam  during 
admission  and  during  expansion,  yet  in  many  cases,  and  whenever 
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there  was  a  wide  range  of  temperature  due  to  a  Avido  difierencc 
between  tlio  terminal  pressure  and  tlic  exhaust  pressure,  the 
temperature  of  the  sm-faco  of  the  metal  would  not  descend  to  the 
exhaust  temperature.  During  exhaust  the  surface  of  the  metal  would 
bo  dry ;  and  under  these  circumstances  the  escape  of  heat  from  the 
dry  surface  would  probably  depend  on  the  density  of  the  exhaust 
steam.  No  doubt  the  escape  of  heat  from  the  dry  surface  would  be 
comparatively  feeble,  so  that  its  direct  influence  would  be  very  small. 
But  indirectly  it  might  have  a  great  influence  in  another  way,  by 
widening  the  range  of  temiierature  of  the  metal,  and  so  increasing 
the  initial  condensation.  It  was  possible  to  show  that  the  escape 
of  heat  from  the  dry  surface  during  exhaust  would  have  this  eifect 
upon  the  range  of  temperature  of  the  metal ;  and  where  the  steam 
was  admitted  throughout  the  entire  stroke,  it  was  possible  to  find  a 
formula  for  the  initial  condensation,  which  in  that  case  would  depend 
partly  on  the  range  of  temperature  and  partly  on  the  density  of 
the  exhaust  steam.  Let  W  =  weight  in  lbs.  of  steam  condensed 
per  revolution  per  square  foot  of  surface ;  t^^  —  t^  =  range  of 
temperature  of  the  steam ;  Xj^  =  latent  heat  of  evaporation  at  the 
admission     temperature;     N  =  revolutions    per     minute.       Then 

W  =  — ,r — . -. ,   which   determined    W  in  terms   of  two 


^'V 


-V     t,-t. 


+ 


K 

constants  B  and  K;  of  these  B  depended  on  the  conductivity  of  the 
metal  and  the  nature  of  the  temperature-cycle,  and  K  depended  on 
the  escape  of  heat  from  a  dry  sui'face  per  minute  per  degree  of 
difference  of  temperature.  With  regard  to  speed,  the  initial 
condensation  would  vary  in  part  inversely  as  the  square  root  of  the 
revolutions,  and  in  part  inversely  as  the  revolutions  themselves. 
There  was  one  conceivable  case  in  which  the  condensation  might 
be  supposed  to  be  independent  of  the  range  of  temperature  of  the 
steam,  and  that  was  at  a  high  speed  when  the  expansion  was  not 
great,  that  is,  when  the  steam  was  admitted  through  nearly  the  full 
stroke.  Then  the  formula  showed  that  the  initial  condensation 
might  be  independent  of  the  range  of  temperature  of  the  steam  ; 
but  this  was  the  only  instance,  as  it  seemed  to  him,  in  which  such 
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could  be  the  case.  In  otlier  cases  the  initial  condensation  would 
depend  upon  the  range  of  temperature  of  the  steam ;  but  it  would 
not  necessarily  be  directly  proportionate  to  the  range  of  temperature. 
The  formula  was  of  limited  application,  and  the  values  of  the 
constants  uncertain,  especially  K ;  but  he  thought  it  worth  giving, 
as  showing  that  the  theory  of  the  conduction  of  heat  did  not 
necessarily  require  the  supposition  that  condensation  should  be 
proportional  to  the  range  of  temperature  of  the  steam  and  inversely 
to  the  square  root  of  the  speed. 

Professor  Alexander  B.  W.  Kennedy,  Member  of  Council,  said 
the  paper  contained  the  result  of  an  immense  amount  of  work  very 
much  elaborated.  A  question  had  already  been  ashed  (pages  676-7) 
about  the  water  measurement,  and  the  want  of  agreement  between 
the  two  totals  in  lines  i  and  j  in  Table  9,  where  in  several  cases 
there  seemed  to  be  a  wider  disagreement  than  he  could  understand. 
His  own  experience  would  lead  him  distinctly  to  prefer  the 
measurement  of  the  feed-water  as  it  went  in  ;  but  of  course  it  would 
be  expected  that  the  two  measurements  would  agree  fairly  well. 
There  were  five  cases  in  Table  9  in  which  they  practically  did  agree 
within  1  per  cent.,  but  there  were  a  number  of  cases  in  which  they 
did  not ;  and  out  of  the  whole  forty-one  there  were  five  in  which 
the  water  measured  out  exceeded  the  feed  measured  in,  while  in 
the  remaining  thirty-six  cases  the  feed  measured  in  was  more  than 
the  water  measiired  out.  It  would  be  interesting  to  those  who  were 
working  at  engine  trials  if  the  author  would  explain  why  he 
preferred  the  one  measurement  to  the  other,  and  what  the  actual 
cause  of  these  serious  differences  was,  because  they  were  so  large 
that  it  was  impossible  to  pass  them  over. 

As  to  range  of  temperature,  he  presumed  that  by  this  expression  as 
used  in  page  647  of  the  paj)er  was  meant  the  difference  of  temperature 
on  the  two  sides  of  the  cylinder  wall ;  whereas  of  course  the 
expression  was  generally  understood  to  mean  the  range  between  the 
highest  and  lowest  temperature  of  the  steam.  Ho  could  not  agree 
in  any  way  with  the  author's  treatment  of  the  question  of  temperature ; 
and  it  certainly  did  not  appear  how  the  difference  of  temperature 
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between  the  two  sides  of  the  cylinder  wall  could  Lave  so  nuicli 
more  to  do  with  the  matter  of  initial  condensation  than  the 
working  range  of  temperature  had.  The  assumption  also  of  the 
absolute  mean  temperature  T^  of  the  cylinder  really  seemed  almost 
in  the  nature  of  a  guess  in  page  G49,  where  it  was  taken  as 
approximately  equal  to  the  temperature  due  to  the  mean  forward 
pressure.  Why  it  should  be  so,  he  thought  there  hardly  seemed 
much  reason ;  because  for  at  least  half  the  time  the  temperature  of 
the  cylinder  walls  must  surely  depend  more  or  less — Professor 
Cotterill  had  shown  (i)age  688)  why  it  should  only  depend  partially 
— upon  the  temperature  of  the  back  pressure.  Xo  doubt  the  author 
would  explain  his  reason  for  so  assuming  the  absolute  mean 
temperature  of  the  cylinder,  as  it  was  not  clear  on  the  face  of  it 
why  he  had  done  so. 

In  examining  Table  10  he  was  much  struck  with  the  fact  that 
under  the  heading  of  condensation  per  stroke  the  calculated  results 
and  the  observed  results  either  did  not  agree  or  agreed  in  a  very  odd 
fashion ;  they  agreed  so  little  that  some  explanation  seemed  to  be 
needed  from  the  author  as  to  why  exactly  he  thought  his  formulae 
thoroughly  represented  these  experiments.  For  instance,  taking 
No.  I,  which  was  a  non-jacketed  trial,  the  three  observed  results 
(9  •  3  and  6  •  3  and  3  •  4)  agreed  j)retty  fairly  with  those  calculated  for 
a  jacketed  trial  (9  •  1  and  6  •  3  and  4*9);  whereas  in  No.  II,  which 
was  also  a  non-jacketed  trial  under  different  conditions,  the  three 
observed  results  (16-0  and  12-7  and  9-2)  agreed  rather  with  the 
calculated  results  for  a  non-jacketed  trial  (18-3  and  12*7  and  9 -5). 
Both  being  non-jacketed  trials,  the  agreement  of  the  observed  results 
ought  in  both  cases,  as  far  as  he  understood  matters,  to  be  with  those 
calculated  for  the  cylinder  as  non-jacketed.  There  were  several 
other  instances  of  that  kind ;  and  there  were  some  instances,  such  as 
No.  VI  and  No.  VIII  and  others,  in  which  the  calculated  results  did 
not  really  agree  at  all  well  with  any  of  the  observed  results.  That 
might  possibly  be  really  due  to  the  treatment  of  temperatures, 
■which  as  already  mentioned  he  had  not  been  able  to  make  out. 

The  separation  of  the  cylinder  surface  into  two  such  very 
distinct  portions  appeared  to  him  to  want  something  more  of  proof; 
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at  any  rate  it  seemed  to  be  empirical  in  itself,  rather  than  based  on 
any  scientific  reason.  For  it  did  not  appear  as  if  the  whole  cylinder 
surface,  either  up  to  the  cut-off  or  up  to  the  end  of  the  stroke,  could 
quite  fairly  be  divided  into  two  distinct  parts,  one  of  which  was  the 
clearance  surface  and  the  other  all  the  rest.  Unless  the  cylinder 
surface  happened  to  become  so  divided  in  an  empirical  formula, 
there  did  not  seem  in  the  absence  of  proof  to  be  any  scientific  reason 
why  it  should  be  divided  in  that  partici;lar  manner. 

It  would  add  he  was  sure  to  the  ease  of  reading  the  paper  and 
Tables  if  the  author  would  aj)pend  to  them  a  concise  tabular 
summary,  giving  just  the  leading  characteristics  of  each  trial. 
These  could  of  course  be  found  out  by  going  carefully  through 
the  present  Tables,  in  which  all  the  information  was  given  in  the 
fullest  manner ;  but  he  had  himself  had  to  go  over  them  in  order 
to  mark  the  various  points  he  had  alluded  to,  and  in  doing  so  it  had 
occurred  to  him  that  a  small  synopsis  would  help  a  good  deal, 
because  no  doubt  these  experiments  would  be  frequently  looked  at 
afterwards.  (See  Table  11  subsequently  added,  pages  670-1.) 
It  was  rather  unfortunate  that  the  engine  which  the  author  had 
experimented  with  had  been  one  that  condensed  half  its  steam 
before  it  commenced  to  do  any  work.  It  was  no  doubt  interesting 
to  know  what  it  actually  did  perform ;  but  he  hoped  there  were 
other  engines,  that  would  not  behave  so  badly  in  this  particular, 
out  of  whicb  some  information  could  be  got  on  a  future  occasion. 

Mr.  J.  Macfaelane  Gray,  instead  of  accepting  the  view  expressed 
in  pages  647  and  648  of  the  paper,  that  range  of  temperature  did  not 
materially  affect  the  amount  of  initial  condensation,  had  been  led  to 
think  that  this  influence  might  be  even  greater  than  in  the  simple 
ratio  of  that  range.  If  the  depth  of  penetration  of  change  of 
temperature  into  the  cylinder  metal  varied  as  the  range  of  temperature, 
the  heat  missing  per  unit  of  surface  up  to  the  point  of  cut-ofl'  would 
vary  as  the  square  of  the  range  of  temperature.  Although  he  did 
not  think  this  was  really  the  case,  he  had  nevertheless  thought  it 
worth  while,  in  the  present  position  of  the  question,  to  apply  this 
assumption  to  Mr.  Willans'   Table  I  as  given  in  page  672  of  the 
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present  paper.  Taking  tlie  full  range  of  temperature  in  eacli  case, 
the  heat  units  per  stroke,  missing  at  cut-off,  as  calculated  by  himself 
on  this  assumption,  were  given  in  the  third  line  HG  below,  in 
comparison  with  the  two  lines  HO  and  IIC,  copied  from  page  672, 
which  represented  respectively  the  heat  units  missing  as  actually 
observed  and  as  calculated  by  the  author : — 
HO        3-209         51GG  8-1C8        7-048        7-8G3         10-2G1  9-436 

HC         0-S  1-2  3-4  4-2  5-4  G-0  6-7 

HG        3-147        4-326        11-948        7*637        9-279  9-980        11-090 

He  had  not  been  able  to  get  any  corroboration  of  this  assumption 
from  the  other  tabulated  results ;  but  he  thought  that  Table  I  gave 
the  only  set  of  Mr.  Willans'  experiments  here  quoted  in  which  range 
of  temperature  was  not  inextricably  mixed  up  with  other  varying 
influences.  The  effect  of  compression-heating  and  of  piston-leakage 
might  however  have  contributed  to  produce  the  more  approximate 
run  of  numbers  in  the  line  HG  here  given.  The  author  had  started 
a  most  important  investigation  in  an  eminently  practical  manner; 
and  if  his  conclusions  were  not  yet  quite  satisfactory,  this  was  only 
because  of  the  problem  being  extremely  complicated  and  beset  with 
almost  insuperable  difficulties.  The  present  paper  he  considered  a 
valuable  one  for  the  Institution,  and  the  author  deserved  the  best 
thanks  of  the  Members. 

Mr.  G.  E.  BoDMER  drew  attention  to  the  opinion  expressed  in 
page  617  of  the  paper,  that  the  effect  of  the  cold  portion  of  the  clearance 
surface  in  producing  condensation  must  be  most  marked  at  the  first 
instant,  when  the  difference  of  temperature  was  greatest ;  and  must 
diminish  as  the  surface  was  brought  up  to  the  same  temperature  as 
the  steam  in  contact  with  it.  This  seemed  to  be  a  clear  admission 
that  initial  condensation  depended  upon  the  difference  in  temperature 
between  the  steam  and  the  metal ;  but  then  later  on  in  page  647  the 
author  seemed  to  contradict  it  again,  by  saying  that  the  assumption 
that  the  condensation  must  vary  directly  as  the  range  of  temperature 
in  the  cylinder  appeared  to  be  based  upon  a  fallacy  ;  and  still  further 
on  (in  page  648)  it  was  added  that  to  say  the  condensation  would 
depend  upon  the  range  of  temperature  was  equivalent  to  saying  that 
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there  would  be  no  condensation  at  all  after  tlie  temperature  of  the 
inner  surface  of  the  cylinder  was  raised  to  that  of  the  incoming  steam. 
It  was  thus  apparently  admitted  that  the  range  of  temperature  had 
some  influence ;  and  the  author  proceeded  to  introduce  the  ratio  of 
the  initial  temperature  of  the  steam  to  the  mean  temperature  of  the 
cylinder  metal,  though  apparently  only  to  eliminate  it  again  by 
assuming  the  two  to  be  equal.  It  would  be  interesting  to  know 
on  what  ground  it  could  be  assumed  that,  during  the  period  of  the 
steam  coming  in  contact  with  the  clearance  surface,  the  temperature 
of  the  incoming  steam  was  eqnal  to  the  mean  temi)erature  of  the 
cylinder  metal  throughout  that  period.  It  seemed  to  himself  almost 
obvious  that  the  temperature  of  the  metal,  during  the  first  instant  in 
which  the  steam  at  its  initial  pressure  came  in  contact  with  the 
clearance  surface,  must  be  much  lower  than  the  temj^erature  of  the 
steam  coming  in  contact  with  it.  The  maximum  temperature  which 
the  clearance  surface  could  attain  at  the  first  moment  when  the 
steam  was  admitted  could  not  very  well  be  higher  he  thought  than 
the  temperature  due  to  the  pressure  of  the  cushion  steam.  Probably 
if  the  difference  between  the  temperature  of  the  admission  steam  and 
the  effective  mean  temperature  of  the  clearance  surface,  during  the 
period  of  condensation,  was  introduced  into  the  calculation,  the 
lower  temperature  should  be  something  in  excess  of  the  temperature 
of  the  cushion  steam,  since  after  the  first  instant  the  metal  surface 
would  be  rapidly  heated  up  to  nearly  the  temperature  of  the 
admission  steam.  Yet  again  in  j)age  648  it  was  said  that  in  a  steam 
cylinder  there  would  be  a  nearly  constant  rate  of  condensation  due 
to  conduction  through  the  metal.  Even  in  that  case  difference  of 
temperature  would  come  in,  only  it  would  be  the  difference  between 
the  temperature  of  the  metal  of  the  cylinder  and  that  of  the  outside 
atmosphere  or  jacket ;  because  the  rate  of  conduction  must  depend, 
to  some  extent  at  any  rate,  on  the  difierence  between  the  temperature 
of  the  metal  and  that  of  the  outside  medium,  such  as  the  air. 

The  hypothesis  that  range  of  temperature  had  a  good  deal  to 
do  with  initial  condensation  was  borne  out  by  the  jjriuciples  which 
were  now  generally  applied  to  the  construction  of  two-cylinder 
compound     and    triple-expansion     engines.       Such    engines     were 
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proportioned  chiefly  on  tlio  supposition  that  the  range  of  temperature 
in  each  of  the  cylinders  ought  to  he  reduced  as  much  as  possible, 
and  to  be  about  cc[ual  ia  each  cylinder,  with  the  view  of  reducing 
condensation  as  much  as  possible  ;  and  the  results  seemed  to  bear 
out  the  accuracy  of  this  hypothesis. 

The  expressions  on  pages  G52  and  G53  for  representing  the 
weight  of  steam  condensed  during  the  admission  period — namely 

-7^     jr^   '  and  — r^ — j^  — involving  as  they  did  the  factor  S^  whicli 

denoted  the  fresh  surface  uncovered  during  admission,  seemed  to 
him  to  imply  the  rather  strange  assumption  that  re-evaporation 
might  occur  even  during  the  admission  period.  But  he  did  not  see 
how  it  was  possible  to  find  out  practically  whether  condensation  or 
re-evaporation  was  really  going  on  during  that  period ;  because 
until  the  cut-off  had  taken  place  it  could  not  be  known  what  weight 
of  steam  there  was  in  the  cylinder.  Assuming  that  the  valve  was 
tight,  the  weight  of  steam  in  the  cylinder  at  the  jioint  of  cut-off  in 
each  stroke  could  be  ascertained  from  the  measurement  of  the  feed- 
water  or  of  the  steam  condensed ;  but  at  any  period  antecedent  to 
the  cut-off  there  appeared  to  him  to  be  no  means  whatever  of 
knowing  how  much  steam  there  was  in  the  cylinder,  and  therefore 
no  conclusions  could  be  drawn  as  to  whether  any  re-evaporation 
was  going  on.  It  seemed  to  him  indeed  impossible  that  there  could 
be  any  re-evaporation  then,  unless  there  was  a  very  rapid  fall  in 
pressure,  due  to  wire-drawing. 

For  reducing  the  loss  caused  by  excess  of  condensation  over  re- 
evaporation,  one  of  the  three  methods  proposed  in  page  655  consisted 
in  increasing  the  length  of  the  stroke.  But  even  if  in  that  way  it 
were  possible,  which  he  believed  it  was  not,  to  re-evaporate  the 
whole  of  the  steam  initially  condensed,  the  advantage  so  obtained 
would  be  comparatively  trifling,  because  the  heat  would  then  be 
re-communicated  to  the  steam  under  unfavourable  conditions,  and 
not  in  the  most  effective  way.  There  was  one  possible  method,  he 
thought,  of  improving  the  economy  of  an  engine,  which  seemed  not 
to  have  been  noted  by  the  author,  and  to  which  he  had  observed 
that  not  much  attention  was  usually  paid:  namely  by   increasing 
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the  amount  of  compression,  tliat  is,  increasing  the  pressure  of  the 
cushion  steam ;  by  so  doing  the  initial  difference  of  temperature 
would  be  reduced,  by  bringing  the  temperature  of  the  clearance 
surface  more  nearly  up  to  tlie  temperature  of  the  fresh  steam 
entering  the  cylinder. 

Mr.  Charles  E.  Oowper  called  attention  to  the  high  consumption 
of  water  per  horse-power  per  hour,  which  in  Table  10  ranged  from 
25*4  lbs.  to  33*8  lbs.  It  might  not  be  obvious  perhaps,  to  those 
not  accustomed  to  independent  engine  trials,  what  this  meant ;  users 
of  engines  thought  more  about  the  coal.  Dividing  these  quantities 
of  water  by  8^  lbs.  of  water  evaporated  per  lb.  of  coal,  the  coal 
consumption  would  be  found  to  vary  from  3  lbs.  to  4  lbs.  per  horse- 
power per  hour.  In  comparison  with  the  economy  obtained  in 
good  steam-engines  of  the  present  day,  this  consumption  involved 
considerable  waste  of  fuel.  It  would  have  afforded  useful  information 
he  thought  if  the  author,  who  had  closely  observed  many  details  in 
connection  with  the  working  of  the  engine,  had  pointed  out  what  he 
considered  to  be  the  chief  reasons  of  this  waste. 

Mr.  G.  S.  Young  asked  whether  the  pressure  in  the  jacket  was 
constant,  or  increased  as  the  pressure  increased  in  the  boiler ;  or 
whether  the  steam  supplied  to  the  jacket  was  somewhat  reduced  in 
pressure  below  the  boiler  pressure.  Also  were  there  any  means 
provided  to  prevent  water  from  passing  into  the  cylinder  with  the 
steam,  such  as  a  separator  fitted  in  the  steam-pipe,  close  to  the 
cylinder?  Assuming  that  the  pressure  of  steam  in  the  jacket 
was  equal  to  the  pressure  in  the  cylinder,  there  was  such  a  great 
deal  of  condensation  attributed  to  the  cylinder  that  it  seemed  to  him 
almost  impossible  for  the  major  part  of  it  to  be  taking  place  in  the 
cylinder  at  all ;  and  he  thought  the  water  was  going  in  as  water, 
and  was  not  actually  condensed  in  the  cylinder,  but  part  of  it  was 
condensed  before  it  came  to  the  cylinder  and  part  had  passed  from 
the  boiler  in  the  shape  of  priming  water.  If  saturated  steam  only 
was  entering  the  cylinder,  it  seemed  extraordinary  that,  out  of  a 
loss  of  about  50  per  cent,  to  be  accounted  for,  only  about  5  per 
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cent,  of  condensation  was  prevented  by  the  use  of  the  steam-jacket ; 
and  he  thought  that  from  40  to  50  per  cent,  of  what  was  put  down 
to  condensation  in  the  cylinder  should  be  looked  for  in  some  other 
direction.  The  use  of  the  steam  blast  at  intervals  when  required, 
as  mentioned  in  page  643,  he  also  thought  would,  by  increasing  the 
rate  of  evaporation  in  the  boiler,  increase  the  amount  of  priming, 
and  thus  probably  account  for  part  of  the  irregularity  in  the  observed 
results. 

Mr.  Arthur  Paget,  Vice-President,  drew  the  attention  of  the 
Members  to  the  fact  that  at  all  events  the  present  paper  and 
discussion  would  prove,  if  it  were  needful  to  do  so,  the  wisdom  of 
the  Institution  in  having  appointed  a  Research  Committee  to  study 
the  subject  of  steam-jacketing.  Seeing  that  engineers  who  were 
known  authorities  on  the  subject  differed  so  widely  in  their  ojiinions 
and  conclusions,  he  thought  it  was  evident  that  there  was  a  serious 
necessity  for  such  an  investigation,  to  give  the  certain  knowledge 
upon  this  subject  which  did  not  seem  now  to  be  possessed. 

Major  English  in  reply  considered  that  the  discrepancies  between 
the  total  feed-water  and  the  total  collected  water  in  lines  i  and  J  in 
Table  9,  referred  to  by  Mr.  Willans  (page  677)  and  Professor 
Kennedy  (page  689),  were  due  to  the  fact  that  a  boiler  of  this  class 
would  vary  considerably  in  internal  capacity  according  to  the 
varying  action  of  the  furnace.  The  results  of  five  separate  trials 
made  with  this  boiler  to  determine  the  amount  of  variation  under 
different  conditions  of  firing  were  shown  in  Figs.  54  to  58,  Plate  133. 
In  these  trials  the  engine  was  standing,  and  no  water  was  introduced 
into  the  boiler,  which  was  practically  tight,  and  measurements  of  the 
water-level  were  taken  at  two  gauge-glasses  every  five  minutes.  An 
apparent  increase  or  decrease  in  the  weight  of  water  in  the  boiler, 
amounting  in  some  cases  to  50  lbs.,  could  be  readily  obtained  with 
a  constant  steam  pressure  by  variations  in  the  state  of  the  fire  and 
the  damper ;  and  discrepancies  due  to  this  cause  became  larger 
when,  as  in  his  trials,  the  measurements  of  the  feed-water  were 
begun  and  ended  with  the  engine  in  motion. 


Oct.  1889.  CONDENSATION    AND    RE-EVAPOKATION.  697 

Mr.  Willans  had  spoken  (page  678)  of  the  omission  of  the  heat 
due  to  work  ;  but  by  the  method  of  calculation  adopted  in  the  paper 
this  heat  was  duly  accounted  for  in  Table  10.  For  example,  in 
series  III,  at  the  end  of  the  stroke  the  distribution  of  heat, 
calculated  as  in  j^age  490  of  Proceedings  1887,  was  as  follows 
jjer  lb.  of  cylinder  steam  : — 

Thermal  units. 
Total  external  work         ........         99 

Internal  heat  remaining  in  steam  and  condensed  water        .  .       673 

Condensation,  or  heat  abstracted  by  cylinder     ....        277 

Available  heat  supplied      ......     1049 

Multiplying  the  condensation  277  by  0*035  lb.,  the  weight  of  steam 
per  stroke,  the  result  was  the  net  observed  condensation  at  the  end 
of  the  stroke,  namely  9  •  7  thermal  units,  as  given  in  the  bottom  line 
in  Table  10. 

The  question  of  advantage  in  increasing  the  length  of  the 
cylinder,  referred  to  by  Mr.  Willans  (page  679),  applied  to  simple 
engines  only,  and  not  to  a  compound  engine,  in  which,  for  the 
reasons  given  in  page  656,  the  difference  between  long  and  short 
cylinders  had  much  less  effect.  Mr.  Willans's  own  engine,  when 
worked  as  a  simple  engine  with  a  very  short  stroke  and  a  large  range 
of  temperature,  certainly  showed  considerably  more  condensation 
than  the  average  of  engines  of  ordinary  proportions. 

Eeferring  to  Mr.  Willans's  comparison  in  page  679  of  the  group 
of  trials  No.  I,  using  33  •  8  lbs.  of  water  per  horse-power  per  hour, 
with  No.  XVII  using  25*5  lbs.  under  similar  conditions,  it  had 
been  pointed  out  in  the  paper  (page  645)  that  the  results  showed  that 
the  steam  used  in  group  XVII  was  being  sensibly  superheated,  as  it 
was  also  in  groups  IV  and  VIII,  since  in  each  of  these  cases  there 
was  more  heat  remaining  in  the  steam  at  the  end  of  the  stroke  than 
would,  when  added  to  the  external  work  done,  correspond  with  the 
total  heat  of  the  weight  of  saturated  steam  at  the  initial  pressure. 
If  this  view  were  accepted,  it  was  clear  that  the  effect  of  such 
superheating,  though  not  admitting  of  definite  measurement,  must 
be  to  increase  the  efficiency  of  the  steam  used. 

3  G  2 
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As  regarded  the  question  of  the  density  of  the  steam  having  an 
effect  on  the  condensation  (page  683),  he  quite  agreed  that  between 
the  observed  results  plotted  in  Fig.  62,  Plate  132,  and  the  line  CO 
there  drawn  for  the  heat  units  missing  at  cut-oflf,  there  was  a 
wide  discrepancy.  There  might  be  any  number  of  straight  lines 
representing  calculated  results,  starting  from  the  zero  point  of  the 
vertical  and  horizontal  scales,  and  varying  as  the  density ;  but  out 
of  these  the  dotted  line  BB  was  the  only  one  in  accordance  with  his 
own  calculations,  which  were  here  plotted  by  the  open  circles  from 
the  bottom  line  HC  in  Table  VII,  page  675. 

Another  point  which  had  been  raised  (page  684)  was  that,  in  the 
case  where  the  additional  surface  exposed  during  the  stroke  was 
equal  to  the  clearance  surface,  there  ought  to  be  no  initial 
condensation  at  all.  Probably  what  was  meant  was  no  condensation 
at  the  point  of  cut-oflf;  and  this  had  all  but  occurred  in  Mr.  Willans's 
triple  engine  when  the  additional  surface  exposed  during  the  stroke 
approached  the  clearance  surface. 

The  clearance  space  in  the  trunk  of  Mr.  Willans's  engine 
(page  685)  he  thought  would  not  affect  the  calculated  figures  in 
Table  12  and  Plates  129  to  131,  since  the  weight  of  steam  accounted 
for  by  indicator  at  cut-oflf  was  deduced  directly  from  Mr.  Willans's 
own  tables,  in  which  the  steam  required  to  fill  this  clearance  space 
would  necessarily  be  included. 

The  fact  had  apparently  been  overlooked  by  Mr.  Willans 
(page  686)  that  the  difference  between  the  complete  formulae  in 
page  651,  for  net  condensation  in  jacketed  and  unjacketed  cylinders, 
was  more  than  a  change  in  the  constant ;  and  that,  so  far  as  these 
formulae  represented  the  facts,  the  varying  temperatures  of  the  inner 
surface  of  the  cylinder  would  have  more  effect  in  increasing  the 
initial  condensation  and  diminishing  the  re-evaporation  in  an 
unjacketed  than  in  a  jacketed  cylinder. 

The  air-cock  placed  on  the  cylinder  (page  686),  in  order  to  see 
whether  the  admission  of  air  would  affect  the  initial  condensation, 
had  been  fixed  so  that  any  air  passing  through  it  must  necessarily 
pass  over  the  internal  surface  of  the  cylinder  before  going  on  to  the 
condenser. 
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In  reply  to  Professor  Cotterill  (page  687),  be  would  venture  to 
recall  attention  to  the  conclusion  set  forth  in  page  646  of  the  paper, 
that  the  initial  condensation  was  extremely  sudden — so  sudden  in  his 
opinion  as  to  be  practically  instantaneous  in  comparison  with  any 
present  means  of  measuring  its  rate.  Unless  this  conclusion  was 
agreed  to,  he  was  quite  prepared  to  admit  that  there  would  be  no 
solid  foundation  for  the  formulae  which  he  had  suggested ;  but  if  all 
or  any  large  proportion  of  the  action  of  condensation  took  place  in 
an  interval  of  time  too  short  to  allow  the  quantity  of  heat  necessarily 
liberated  from  the  steam  to  be  transferred  to  the  interior  substance 
of  the  metal  according  to  the  known  laws  of  conduction,  it  seemed 
to  him  that,  whatever  the  action  of  condensation  might  be,  it  would 
be  independent  of  any  cyclical  changes  in  the  temperature  of  the 
body  of  the  metal.  Initial  condensation  apparently  took  place  at 
the  highest  speeds  of  revolution  yet  experimented  on :  not  certainly 
to  the  same  extent  as  at  slow  speeds,  but  still  at  a  sufficiently 
appreciable  rate ;  and  until  some  process  could  be  devised  for 
obtaining  quantitative  resiilts  of  the  time  occupied  in  condensing 
a  given  weight  of  steam  brought  suddenly  into  contact  with  a 
comparatively  cold  metallic  surface,  it  seemed  to  him  hardly 
practicable  to  do  more  than  connect  the  amount  of  condensation  with 
the  mean  temperature  of  the  metal  and  the  known  temperature  of 
the  steam  ;  and  this  was  what  he  had  attempted  to  do  in  the  formulae. 

Eeplying  to  Professor  Kennedy  (page  690),  the  reason  why  the 
mean  temperature  of  the  cylinder  had  been  taken  at  page  649  as 
approximating  to  that  due  to  the  mean  forward  pressure  only  of  the 
steam  was  stated  in  page  650,  to  the  effect  that  the  surface  of  the 
cylinder  during  the  exhaust  was  probably  dry ;  and  he  was  glad  to 
find  that  Professor  Cotterill  concurred  in  this  view.  It  seemed  to 
him  to  follow  therefrom  that  practically  no  cooling  effect  on  the 
metal  of  the  cylinder  would  be  produced  by  re-evaporation  during 
the  exhaust  stroke ;  and  that  the  re-evaporation  induced  by  the 
opening  of  the  exhaust  port  took  place  as  suddenly  as  the  initial 
condensation. 

Referring  to  Professor  Kennedy's  criticism  (page  689)  regarding 
the   use  of   the    expression  "  range  of   temperature,"  what  he  had 
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attempted  to  show  in  page  647  of  the  paper  was  that  the  only 
experimental  evitlenco  in  favour  of  condensation  being  directly 
proportional  to  range  of  temperature  was  derived  from  Forbes' 
results,  which  led  to  the  commonly  used  formula — Flow  of  heat 

=  constant  X " ,  where  t^  and  tj^  were  the  temperatures  of  the 

media  on  either  side  of  a  metallic  plate  of  thickness  y.  Although 
no  doubt  by  the  expression  "  range  of  temperature  "  was  generally 
understood  the  range  between  the  highest  and  lowest  temperatures 
of  the  steam  during  a  stroke,  he  thought  it  was  usually  taken  for 
granted  that  in  some  way  or  other  the  formula  just  quoted  would 
apply  to  a  steam  cylinder ;  and  it  was  to  this  view  that  he  himself 
took  exception.  It  was  certain  at  any  rate  that  if  the  various  trials 
made  by  the  U.S.  Navy  in  1874-5,  and  by  Mr.  Willans,  and  by 
himself,  were  taken  as  a  whole,  the  observed  condensation,  either 
near  the  point  of  cut-off  or  at  the  end  of  the  stroke,  showed  no 
indication  of  being  in  any  way  proportional  to  the  range  between 
the  highest  and  lowest  temperatures  of  the  steam.  Much  less  would 
they  agree  with  Mr.  Macfarlane  Gray's  view  (page  691)  that  the 
condensation  should  vary  as  the  square  of  the  range  of  temperature. 
To  Professor  Kennedy's  question  (page  690)  as  to  why  in  some 
cases  the  observed  results  in  a  non-jacketed  trial  agreed  with  the 
formula  for  a  jacketed  cylinder,  he  would  reply  that  he  did  not 
consider  any  of  the  trials  to  be  absolutely  non-jacketed.  The  jacket 
steam  was  taken  direct  from  the  boiler  to  the  cylinder  casting,  which 
formed  the  bottom  of  the  smoke-box,  and  there  was  no  possibility  of 
shutting  off  the  communication ;  the  only  way  of  stopping  the 
passage  of  steam  through  the  jacket  was  by  shutting  the  drain-cock, 
but  steam  from  the  boiler  could  still  enter  the  jacket  freely ;  and 
the  high  temperature  of  the  smoke-box  had  in  some  cases  an 
unmistakable  effect.  For  these  reasons  he  had  drawn  two  curves, 
representing  condensation  according  to  the  formulae  for  both  jacketed 
and  unjacketed  cylinders,  in  all  the  diagrams  relating  to  groups  in 
which  the  jacket  drain-cock  was  shut,  except  in  groups  IV,  VIIT, 
and  XVII,  where  the  steam  was  manifestly  superheated ;  and  he  was 
obliged  to  leave  the  comparison  of  the  observed  results  to  be  made 
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with  one  curve  or  tlie  other  according  to  opinion.  It  was  certainly 
unfortunate  that  more  definite  results  could  not  be  obtained  on  this 
point ;  but  it  was  impossible  for  that  to  be  done  without  undesirable 
structural  alterations  to  the  engine  and  boiler. 

As  to  the  division  of  the  surfaces  into  clearance  surface  and 
stroke  surface  (page  691)  being  empirical,  the  empiricism  appeared 
to  him  to  depend  on  whether  it  was  considered  that  the  condensation 
was  extremely  sudden  and  took  place  during  the  time  when  the 
clearance  surface  only  was  exposed,  or  whether  it  was  considered 
that  it  lasted  during  the  stroke.  If  it  took  place  only,  or  in  far 
greater  part,  at  the  commencement  of  the  stroke,  a  natural  division 
of  the  two  portions  of  the  surface  would  thereby  be  defined. 

In  Table  11  be  had  much  pleasure  in  submitting  the  short 
synopsis  asked  for  (page  691),  so  as  to  do  the  best  he  could  for 
making  the  paper  fully  intelligible. 

Eeplying  to  Mr.  Bodmer  (page  693),  it  was  intended  to  be 
implied  in  page  648  that  the  temperature  of  the  incoming  steam  Wis 
equal  to  the  mean  temperature  of  the  cylinder  metal  throughout  the 
stroke,  only  in  the  case  when  the  cylinder  was  kept  continuously  at 
the  temperature  of  the  steam,  by  preventing  the  flow  of  heat  through 
it  outwards,  and  by  creating  a  flow  inwards  either  by  thorougLly 
efficient  jacketing  or  by  superheating.  It  was  only  in  this  case  that 
he  thought  the  efiect  of  range  of  temperature  on  the  initial 
condensation  would  become  negligible.  The  hypothesis,  and  of 
course  it  could  be  no  more  than  a  supposition,  that  re-evaporation 
occurred  during  the  admission  portion  of  the  stroke  (page  694),  was 
absolutely  necessary  to  the  train  of  reasoning  in  the  paper.  It 
certainly  could  not  be  directly  verified ;  but  according  to  all 
observations  made  by  himself,  excess  of  re-evaj)oration  over 
condensation  was  going  on  at  a  rate  at  least  as  rapid  immediately 
after  the  cut-off  as  later  in  the  stroke ;  and  it  seemed  to  him  that  the 
conclusion  thence  to  be  drawn  was  that  this  excess  was  also  going 
on  before  the  cut-off. 

Eeplying  to  Mr.  Young  (page  695),  the  only  check  possible  upon 
priming  water  in  this  engine  lay  in  the  rate  of  evaporation  per  pound 
of  coal,  which  had  been  very  satisfactorily  consistent  in  all  cases. 
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As  to  tlie  pressure  in  the  jacket  (page  G95),  he  had  already 
explained  that  the  jacket  was  in  direct  commuuication  with  the 
boiler,  and  carried  the  boiler  pressure  in  all  cases  :  it  was  impossible 
to  prevent  its  doing  so. 

The  President  said  a  doubt  had  been  expressed  as  to  what  was 
the  meaning  of  the  range  of  temperature  alluded  to  in  page  647 : 
•whether  the  author  simply  meant  variation  in  the  temperature  of  the 
cylinder  metal,  or  whether  he  alluded  to  the  range  of  temperature  in 
the  steam  itself  within  the  cylinder. 

Major  English  said  that  in  speaking  of  range  of  temperature  he 
was  alluding  to  the  temperature  of  the  inner  surface  of  the  cylinder 
metal.  As  to  the  character  of  an  engine  which  required  3  lbs.  or 
4  lbs.  of  coal  per  indicated  horse-power  per  hour  (page  695),  he  did 
not  feel  it  at  all  necessary  to  defend  the  engine  itself,  the  makers 
themselves  being  well  able  to  do  so ;  but  he  would  take  the 
opportunity  of  recording  his  opinion  that  it  was  capable  of  working 
more  economically  than  the  average  of  engines  of  its  class. 

The  President  said  he  had  been  anticipated  by  Mr.  Paget's  happy 
allusion  to  the  appointment  of  the  Eesearch  Committee  on  the  value 
of  the  steam-jacket.  An  investigation  of  this  subject  was  evidently 
most  desirable  ;  for  there  were  many  points  on  which  in  the  present 
discussion  such  varied  opinions  had  been  exjDressed,  that  it  was  time 
an  attempt  should  be  made  to  see  whether  they  could  be  reduced  to 
law  and  order.  The  Members  were  much  indebted  to  Major  English 
for  bringing  before  them  his  experiments,  which  rejjresented  a  vast 
amount  of  labour.  The  interesting  discussion  which  had  followed 
the  reading  of  the  paper  was  evidence  that  it  had  been  thoroughly 
appreciated ;  and  he  was  sure  that  the  meeting  would  pass  a  hearty 
vote  of  thanks  to  the  author  for  having  j^repared  the  paper  and 
brought  it  before  the  Institution. 
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FIRST  EEPOET  OF  THE  RESEAECH  COMMITTEE 
OX  THE  VALUE  OF  THE  STEAM-JACKET. 

Tabulated  Results  of  'previous  Experiments. 

The  Eesearch  Committee  appointed  by  the  Council  at  the  end 
of  1886  to  investigate  the  value  of  the  Steam-Jacket,  before  entering 
upon  any  fresh  experiments,  endeavoured  as  their  first  step  to 
ascertain  what  had  already  been  published  upon  this  subject.  For 
convenience  of  easy  reference  and  comparison  the  results  of  former 
experiments  were  then  systematically  collated  by  the  kindness  of 
Mr.  Bryan  Donkin,  Jun.,  according  to  a  plan  arranged  by  himself  in 
conjunction  with  the  Chairman  of  the  Committee.  These  results, 
which  are  recorded  in  conformity  with  that  plan  in  the  following 
Tables  1  to  33,  are  divided  into  three  groups,  according  as  they 
have  been  derived  from  single-cylinder  non-condensing  or  condensing 
engines  or  from  compound  condensing  engines ;  in  each  group  the 
experiments  are  arranged  chronologically,  as  far  as  practicable.  In 
tabulating  results  derived  from  so  many  and  such  varied  sources,  it 
has  not  always  been  found  possible  to  collate  data  of  precisely  the 
same  kind ;  in  some  such  cases  the  information  originally  published 
has  here  been  supplemented  by  further  particulars  kindly  furnished 
for  the  purpose  by  the  authorities  quoted.  For  almost  all  these 
Tables  however  the  essential  figures  have  fortunately  been  accessible ; 
and  the  ultimate  results  are  given  as  far  as  possible  in  saving  of 
feed-water  per  indicated  horse-power  by  the  use  of  the  steam-jacket. 
The  experiments  only  are  recorded  which  have  been  made  in  each 
case  both  with  and  without  steam  in  the  jackets  of  the  same  engine. 

In  Table  34  is  recorded  an  elaborate  series  of  experiments 
specially  made  by  Professor  Kennedy  for  contribution  to  this 
research. 

It  will  be  observed  that  there  is  a  great  variation  in  the  results 
recorded ;  this  is  necessarily  the  case  because  of  the  greatly  varying 
conditions  of  the  different  experiments. 

Henry  Davey,  Cliairman. 
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SINGLE-CYLINDER  NON-CONDENSING  ENGINES. 


1. 

Thomas  ami  Tjaiirens 

2. 

M'Kay 

3. 

Farey  and  Doukiu 

4,  5. 

Cornut 

6. 

Loring  and  Emery 

7. 

Borodin 

8. 

Delafond    . 

PAOF, 

705 
705 
706 
707 
708 
709-710 
711-711 


SINGLE-CYLINDER  CONDENSING  ENGINES. 


9. 

Thomas  and  Laurens 

10. 

Combes 

11,  12. 

Isherwood 

13. 

Donkin 

14. 

Farey  and  Donkin 

15. 

Hirn  and  Hallauer 

16. 

Rennie 

17. 

Emery 

18. 

Loring  and  Emery 

19. 

Meunier  and  Keller 

20. 

Fletcher     . 

21. 

Farcot 

22. 

Mair 

23. 

Delafond    . 

715 
715 
716 
717 
717 
718 
718 
719 

719-720 
721 
722 
722 
723 

723-729 


COMPOUND  CONDENSING  ENGINES. 

24.           Hirn 730 

25-27.      Farey  and  Donkin 730-731 

28.  Lhoest 732 

29.  Emery 732 

30.  Farey,  Donkin,  and  Salter 733-735 

31.  32.    Mair 736 

33.  Kennedy  and  Donkin  ........  737 

34.  ,        Kennedy 738-745 
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SINGLE-CYLINDER  NON-CONDENSING  ENGINES. 


No.  1.    Becord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single  -  Cylinder  Non  -  Condensing  Engine.  120  H.P. 
Experiments  made  in  1846  by  Messrs.  Thomas  and  Laurens. 
(Cours  de  Machine-a-Vapeur,  par  M.  Thomas,  Paris.) 


Jackets,  With  or  Without  Steam 

Results.    Feed-Water,  percentage  less  with  steam  in  jackets 


With 
8  to  10  p.c . 


No.  2.    Becord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Non-Condensing  Engine.  Cylinder  2  inches 
diameter,  8  inches  stroke.  Experiments  made  in  1859  by 
Mr.  Gordon  M'Kay.  Steam-supply  to  jacket  by  separate  pipe. 
(Journal  of  Franklin  Institute,  vol.  37,  1859.) 


Jackets,  With  or  Without  Steam 

Duration  of  experiment 

Boiler  Pressure,  lbs.  per  square  inch  above  atm. 

Kevolutions  per  minute 

Piston  Si^eed,  feet  per  minute 

Eesults.     Jacket-Water,  lbs.  per  hour 

„  „      in  p.c.  of  feed-water 

Feed- Water,  lbs.  per  hour 


percentage  less  with  steam  in  jackets 
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Single-Cylinder  Non-Condensing  Engines  (continued). 

No.  3.  Record  of  six  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

SiNGLE-CYIilNDER    NoN-CoNDENSING    BeAM    EnGINE.       Cljlinder  1^^ 

inches  diameter,  2GJ  inclies  stroke;  only  the  body  and  bottom  end 
were  jacketed.  Experiments  made  at  Bermondsey  in  1874  by 
Messrs.  Farey  and  B.  Donkin,  Jim.  Whole  steam-supply  to  cylinder 
passed  through  the  jackets  when  in  use. 


Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  experiment                                          hours 

4-5 

4-5 

Number  of  diagrams  taken 

38 

38 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

45 

45 

Number  of  Expansions 

2-7 

2-7 

Revolutions  per  minute                                            revs. 

44-8 

48-3 

Piston  Speed,  feet  per  minute                                     feet 

195 

210 

Results.     Indicated  horse-power                            I.H.P. 

4-94 

6-41 

Jacket-Water,  lbs.  per   I.H.P.  per  hour                lbs. 

... 

8-32 

„          „       in  percentage  of  feed-water           p.c. 

14-8 

Feed-Water,  lbs.  per  I.H.P.  per  hour                   lbs. 

71-69 

56-35 

,,            percentage  less  with  steam  in  jackets 

21-4  p.c. 

Duration  of  experiment                                            hours 

2-75 

2-75 

Number  of  diagrams  taken 

22 

22 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

45 

45 

Number  of  Expansions 

1 

1 

Revolutions  per  minute                                            revs. 

46-8 

51-2 

Piston  Speed,  feet  per  minute                                   feet 

204 

223 

Results.     Indicated  horse-power                             I.H.P. 

8-90 

10-57 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

4-51 

„          „       in  percentage  of  feed-water            p.c. 

8-5 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 

62-51 

53-18 

„            percentage  less  with  steam  in  jackets 

14-9  p.c. 

Duration  of  experiment                                          hours 

3 

3 

Number  of  diagrams  taken 

24 

26 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

45 

45 

Number  of  Expansions 

1 

1 

Revolutions  per  minute                                            revs. 

47 

45-6 

Piston  Speed,  feet  per  minute                                   feet 

205 

199 

Results.     Indicated  horse-power                             I.H.P. 

5-04 

4-52 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

10-4 

,,          „       in  percentage  of  feed-water           p.c. 

.. 

14 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 

83-28 

74-04 

,,           percentage  less  with  steam  in  jackets 

11  1  p.c. 
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Single-Cylinder  Non- Condensing  Engines  (^continued). 


No.  4.  Becord  of  four  Experiments  on  the  same  Engine 
WITH  and  WITHOUT  Steam  in  the  JacJcets. 

Single-Cylinder  Non-Condensing  Corliss  Engine.  Experiments 
made  at  Lille,  France,  in  1874,  by  M.  Cornut.  (Bulletin  de 
I'Association  des  Appareils-a-Vapeur,  Nord  de  France,  1876.) 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  days 

Number  of  Expansions 

Results.     Indicated  horse-power  I.H.P. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


Without 

2 
18  to  21 

78-9 

23-87 


With 

2 
18  to  21 

78-9 

19-21 
19-5  p.c. 


Number  of  expansions 

Results.    Indicated  horse-power  I.H.P. 

Feed- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


7  to  8 
136 

21-25 


7  to  8 
136 

18-32 
13-8  p.c. 


No.  5.  Becord  of  tic o  Experiments  on  the  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Non-Condensing  Ingliss  Engine.  Experiments 
made  at  Lille,  France,  in  1874,  by  M.  Cornut.  (Bulletin  de 
I'Assoeiation  des  Appareils-a-Vapeur,  Nord  de  France,  1876.) 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  days 

Two  diagrams  taken  every  15  minutes 
Number  of  Expansions 

Results.     Feed- Water  lbs.  per  I.H.P.  per  hour        lbs. 
„  p.c.  less  with  steam  in  jackets 
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Singh- Cylinder  Non-Condensing  Engines  (^continued). 


No.  6.  Becord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  JacJcets. 

Single-Cylinder  Non-condensing  Direct-acting  Vertical 
Marine  Engine.  Cylinder  34 '  1  inclies  diameter,  30  inches  stroke  ; 
the  body  and  both  ends  were  jacketed.  Experiments  made  on 
s.s.  "  Gallatin  "  at  moorings,  in  1875,  by  Messrs.  C.  H.  Loring  and 
C.  E.  Emery  of  the  U.S.  Navy.  The  jackets  were  supplied  from  the 
bottom  of  the  steam-chest.  The  jacket-water  condensed  in  steam- 
chest  and  jackets  was  drained  to  intermediate  vessel  fitted  with  a 
glass  water-gauge  and  blown  off  occasionally.  (United  States  Official 
Eeports.)  This  is  the  same  engine  as  for  the  set  of  experiments 
No.  18,  but  here  used  without  the  condenser. 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials  hours 

Boiler  Pressure,  lbs.  per  sq.  in.  above  atm.       lbs. 
Number  of  Expansions 

Eevolutions  per  minute  revs. 

Piston  Speeds,  feet  per  minute  feet 

Besults.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour         lbs. 

„  ,,      in  percentage  of  feed  water    p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

,,  p.c.  less  with  steam  in  jackets 


Without 

2-2 

68-5 

4-4  &  3-5 

46-7  &  51-7 

233  &  258 

170  &  205 


29-66 


With 

21 

68-5 
4-1  &3-5 

49-5  &  53-2 
247  &  266 
190  &  212 

0-74  &  0-96 
2-9  &  3-5 

26-61 
10-3  p.c. 


See  also  set  of  Experiments  No.  18. 
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Single-Cylinder  Non- Condensing  Engines  (^continued). 

No.  7.  liecord  of  twelve  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Non-condensing  Locomotive  Engine.  Cylinder 
16*54  inclies  diameter,  23*62  inches  stroke;  one  cylinder 
disconnected  from  driving  axle.  Experiments  made  at  Kie£f,. 
Eussia,  in  1881  to  1883,  by  M.  Borodin.  Steam-sui)ply  to  jackets 
by  separate  pipe,  jackets  drained  by  automatic  traps  on  expansion 
principle.     (Institution  of  Mechanical  Engineers,  1886.) 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials                                      hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Kevolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                    feet 

Results.     Indicated  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed-water,  lbs.  per  I.H.P.  per  hour                     lbs. 
,,            percentage  less  with  steam  in  jackets 

Without 

3-7  &  1-7 
65-5 
3-4 
99-1 
390 
55-7 

33-34 

With 

3-5 
63-1 

3-4 
101-7 

400 
59-1 

0-7 

2-3 

30-24 
9-3  p.c. 

Jackets,  With  or  Without  Steam 

Dur.  of  each  of  3  trials  tcithout,  and  5  unth  jackets,  hrs. 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
;  Number  of  Expansions 

'  Kevolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                   feet 

Results.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

Without 

l-4to3-5 
57-3 

3-3 

101 

398 
51-2 

31-48 

With 

1-7  to  3-6 
58-9 
3-3 
100-4 
395 
55-4 
0-67 
2-3 

29-20 
7-25  p.c. 

Duration  of  each  of  2  trials                                    hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                           revs. 

Piston  Speed,  feet  per  minute                                   feet 

Results.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

,,          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  jDor  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

2&3 
54-9 
3-3 
94 
370 
44-6 

33-90 

2-5&3-5 
55-4 
3-4 
101-3 
399 
48-1 
0-77 
2-7 

28-38 
16-3  p.c. 

{Continued  on  next  page.) 
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Single-Cylinder  Non- Condensing  Engines  (^continued). 


No.  7  (continued  from  preceding  page). 


Dwr.  of  eacli  of  7  trials  icitliout,  and  5  lot'i/i  jackets,  hrs. 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansious 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                     feet 

Mesulfs.     Indicated  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

,,          ,,      in  percentage  of  feed-water           p.c, 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
,,             i^ercentage  less  with  steam  in  jackets 

1-9  to  3-5 
49-5 

3-4 

95 

374 
40-0 

34-39 

l-9to3'6 

49-9 
3-4 
94-4 
372 
40-6 
1-01 
3-5 

28-94 
15-9  p.c. 

Dur.  of  each  of  2  trials  ?t';7/(0)(i,  and  1  wz'f/i  jackets,  hrs. 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                     feet 

Besults.     Indicated  horse-power                             I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed-water,  lbs.  per  I.H.P.  per  hour                     lbs. 
,,             percentage  less  with  steam  in  jackets 

1-6&3 
76-5 

5-1 
93-0 

366 
46-6 

31-55 

2-2 
77-8 
5-1 
93-1 
367 
49-8 
0-91 
3-2 

28-53 
9-6  p.c. 

Jackets,  TFti/i  or  Without  Steam 

Duration  of  each  of  2  trials                                     hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                    feet 

Besults.     Indicated  horse-power                           I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

,,          ,,      in  percentage  of  feed- water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

Without 

1-9&3-3 
75-3 
51 
91-9 
362 
45-7 

32-77 

With 

1-9  &  3-4 
77-9 

5-1 
93-7 

369 
53-5 
0-85 
3-36 

25-44 
22-4  p.c. 
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Single-Cylinder  Non-Condensing  Engines  (continued). 


No.  8.  Record  of  twenty-four  Exjjeriments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Non-oondensing  Corliss  Engine.  Cylinder 
21*65  inches  diameter,  43 "31  inches  stroke;  the  body  only  was 
jacketed.  Experiments  made  at  the  Creusot  Works,  France,  in  1883, 
by  M.  Delafond.  The  jackets  were  supplied  with  steam  by  a  small 
pipe  from  the  main  steam-pipe,  and  were  automatically  drained. 
(Annales  des  Mines,  1884,  and  L'Ingenieur-Conseil,  1885.) 

This  is  the  same  engine  as  for  the  set  of  experiments  No.  23, 
but  here  used  without  the  condenser. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment 

Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  jjer  square  inch  above  atm. 

Number  of  Expansions 

Eevolutions  per  minute 

Piston  Sjieed,  feet  per  minute 

Results.     Indicated  horse-power 

Jacket-Water,  lbs.  per  I.H.P.  per  hour 
,,  „      in  percentage  of  feed-water 

Feed-Water,  lbs.  per  I.H.P.  per  hour 

,,  percentage  less  with  steam  in  jackets 


Without 

With 

hours 

1-3 

1-3 

30 

32 

.     lbs. 

110 

110 

6-2 

71 

revs. 

61-7 

60-8 

feet 

445 

439 

I.H.P. 

147-5 

143 

lbs. 

0-57 

p.c. 

2-5 

lbs. 

28-38 

22-80 

ckets 

19-7  p.c. 

{Continued  to  jpage  714.) 
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Single- Cylinder  Non- Condensing  Engines  {continued). 
No.  8  (continued  from  preceding  page). 


Jackets,  With  or  Without  Steam 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                     feet 

Results.     Indicated  horse-power                           I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water            p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
,,             percentage  less  with  steam  in  jackets 

Without 

1-3 

30 
110 
6-2 
61-7 
445 
147-5 

28-38 

With 

1 

24 

110 

6-2 

62 
447-5 
177-5 

0-75 

3-4 

22-13 
22  0  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Ilevolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                   feet 

Results.     Indicated  horse-power                           I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                  lbs. 

„          „      in  percentage  of  feed-water            p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
,,             percentage  less  with  steam  in  jackets 

0-9 

22 
110 

5 

61-4 

443 

181-5 

26-82 

0-6 
14 
110 
5-3 
62 
447-5 
194 
0-69 
3-1 

22-35 
16-7  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                    feet 

Results.     Indicated  horse-power                           I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„             percentage  less  with  steam  in  jackets 

0-4 
10 
110 
4-4 
63-6 
459 
217 

25-81 

0-5 

12 

110 

4-4 
62-7 

453 

237 
0-43 

2-0 

21-50 
16-7  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                    feet 

Results.    Indicated  horse-power                           I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
,,             percentage  less  with  steam  in  jackets 

11 

26 
78-2 

5-4 

62 
447-5 

121 

27-58 

1-2 
28 
78-2 
51 
61-1 
441 
137 
0-4 
1-7 

23-65 
14-25  p.c. 

(Continued  on  next  page.) 
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Single- Cylinder  Non- Condensing  Engines  (continued). 
No.  8  {continued  from  preceding  page). 


Jackets,  Wi(h  or  Without  Steam 

Duration  of  experiment                                            hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                    feet 

Rtsults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„        „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
,,             percentage  less  with  steam  in  jackets 

Without 

1 
24 

78-2 
4-8 
60-9 
440 
136 

26-71 

With 

1-2 
28 
78-2 
5-1 
61-1 
441 
137 
0-4 
1-7 

23-65 
11-46  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                     feet 

liesults.     Indicated  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
,,             percentage  less  with  steam  in  jackets 

1 

24 
78-2 
3-7 
60 
433 
178 

24-58 

0-8 
20 
78-2 
3-8 
61-6 
445 
180 
0-26 
1-2 

21-79 
11-36  p.c. 

Duration  of  experiment                                            hours 

Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 

Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                     feet 

Results.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 
„          ,,      in  percentage  of  feed-water           p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  homr                   lbs. 
„             percentage  less  with  steam  in  jackets 

0-5 
12 

78-2 
2-9 

60-6 
437 
209 

24-18 

0-5 

12 
78-2 

3-1 
60-5 

437 

204 
0-29 

1-3 

21-95 
9-23  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                   feet 

Results.     Indicateii  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                  lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

1-2 

28 
49-8 
3-7 
61-4 
443 
108 

27-27 

1-2 

28 
49-8 
3-9 
60-5 
437 
108 
0-38 
1-5 

25-30 
7-21  p.c. 

{Concluded  on  next  page.) 
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Single-Cylinder  Non-Condensiwj  Engines  {concluded). 
No.  8  {concluded  from  page  711). 


Jackets,  With  or  Without  Steam 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                   feet 

Besults.    Indicated  horse-power                           I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„             percentage  less  with  steam  in  jackets 

Without 

1-2 
28 
49-8 
2-5 
61-1 
441 
147 

27-20 

With 

1 

24 
49-8 

2-8 
60-5 

437 
141-5 
0-28 

1-1 

25-21 
7-32  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Eevolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                   feet 

Besults.     Indicated  horse-power                           I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

,,          ,,      in  percentage  of  feed-water            p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„             percentage  less  with  steam  in  jackets 

0-8 
20 
49-8 
1-7 
60-9 
440 
173 

30-17 

0-8 

20 
49-8 

1-7 
60-3 

435 
168-5 

0-2 

0-7 

28-74 
4-74  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                   feet 

Besults.     Indicated  horse-power                             I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water            p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„            percentage  less  with  steam  in  jackets 

0-4 

10 
49-8 

1 
60-6 

437 

145 

46-82 

0-5 

12 

49-8 

1 
61-1 
441 
147-5 
0-12 
0-26 

46-26 
1-19  p.c. 

End  of  Experiments  on  Single-Cylinder  Non-Condensing  Engines. 


For  Experiments  on  Single-cylinder  Condensing  Engines  see  next  page. 


J 
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SINGLE-CYLINDEK  CONDENSING  ENGINES. 


No.  9.  Mecord  of  two  Experiments  on  the  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Engine.  16  H.P.  Experiments 
made  in  France  in  1842,  by  Messrs.  Thomas  and  Laurens.  (Cours 
de  Machine-a-Vapeur,  par  M.  Thomas.) 


Jackets,  With  or  Without  Steam 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

Number  of  Expansions 

Results.    Feed-Water,  p.c.  less  with  steam  in  jackets 

Without 
53 
6 

With 

53 

6 

30  to  32  p.c. 

No.  10.  Mecord  of  three  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single- Cylinder  Condensing  Engine.  Cylinder  15-35  inches 
diameter,  31-50  inches  stroke.  Experiments  made  in  Paris  in  April 
1843,  by  M.  Combes.  (Academie  des  Sciences,  Paris.)  Whole  steam 
supply  to  cylinder  passed  through  the  jackets  when  in  use, 
except  in  last  column  when  jackets  were  supplied  with  steam  by 
a  small  pipe  only. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 

Boiler  Pressure,  lbs.  per  sq.  in.  above  atm.  lbs. 
Number  of  Expansions 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour    lbs. 

„  ,,      in  p.c.  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour       lbs. 
,,  p.c.  less  with  steam  in  jackets 


Without 

With 

SmaU 
pipe. 
32-3 

33-3 

43-2 

50  to  58 

50  to  58 

50  to  58 

20 

20 

20 

6  to  7 

6  to  7 

6  to  7 

2-97 

4-34 

.. 

10 

11-75 

50-9 

29-7 

36-9 

41 -7  p.c. 

27-5  p.c. 
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Single-Cylinder  Condensing  Engines  (continued). 

No.  11.  JRecord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Vertical  Experimental  Engine. 
Cylinder  5*25  inches  diameter,  10  inches  stroke;  the  body,  both 
ends,  and  the  valve-chest  were  jacketed.  The  steam  from  boiler 
passed  direct  to  the  jackets,  thence  to  the  throttle-valve  and  steam- 
chest.  Experiments  made  in  New  York  in  1860  by  Mr.  Isherwood. 
(Isherwood's  Steam  Engineering,  1863,  vol.  1.) 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials 

Boiler  Pressure,  lbs.  per  square  inch  above  atm. 

Number  of  Expansions 

Kevolutions  per  minute 

Piston  Speed,  feet  per  minute 

Eesults.     Indicated  horse-power 

Jacket- Water,  lbs.  per  I.H.P.  per  hour 
„  „       in  percentage  of  feed-water 

Feed-Water,  lbs.  per  I.H.P.  per  hour 

„  percentage  less  with  steam  in  jackets 


Without 

hours 

60  &  30 

lbs. 

55-7 

5-3 

revs. 

60-1 

feet 

100 

I.H.P. 

0-93 

lbs. 

,. 

p.c. 

.. 

lbs. 

79-38 

ckets 

•• 

With 

60  &  30 

38-2 
5-3 

61-4 
102 
113 

12-76 

23-35 

5i-63 
31-2  p.c. 


No.  12.  Becord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jaclets. 

Single-Ctlindek  Condensing  Beam  Engine.  Cylinder  90  inches 
diameter,  117  inches  stroke ;  only  the  body  was  jacketed. 
Experiments  made  at  Brooklyn  Water  Works  in  1860  by  Mr. 
Isherwood.     (Isherwood's  Steam  Engineering,  1863,  vol.  1.) 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Besults.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„            „      in  percentage  of  feed  water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 
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Single-Cylinder  Condensing  Engines  (continued). 

No.  13.  Becord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Cornish  Bull  Pumping  Engine. 
Cylinder  70  inches  diameter,  110  incLes  average  stroke;  tlie  body 
only  was  jacketed.  Experiments  made  in  February  1870  by 
Mr.  Bryan  Donkin,  Jun.  Steam-supply  to  jacket  by  separate  small 
pipe. 


Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  experiment                                          horn's 

3 

3 

Number  of  diagrams  taken 

10 

8 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

36 

30 

Number  of  Expansions 

4 

4 

Strokes  per  minute,  single 

11-9 

12 

Piston  Speed,  feet  per  minute                                    feet 

109 

111 

Results.     Indicated  horse-power                            I.H.P. 

153 

161 

Thermal  Units  rejected  per  I.H.P.  per  minute  Th.U. 

493 

429 

„           percentage  less  with  steam  in  jackets 

•• 

12-9  p.c. 

No.  14.  Becord  of  tioo  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Beam  Engine.  Cylinder  7^  inches 
diameter,  2Q^  inches  stroke;  only  the  body  and  bottom  end  were 
jacketed.  Experiments  made  at  Bermondsey  in  1870  by  Messrs. 
Farey  and  B.  Donkin,  Jun.  Whole  steam-supply  to  cylinders  passed 
through  the  jackets  when  in  use. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Eevolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„            „      in  percentage  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour       _    _        lbs. 
„  percentage  less  with  steam  in  jackets 


Without 

With 

3 

3 

26 

26 

45 

45 

1-8 

1-8 

37-2 

39-S 

162 

173 

7-71 

9-33 

7-72 

17-2 

55-54 

44-76 

•• 

19-4  p.c. 
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Single-Cylinder  Condensing  Engines  (^continued). 

No.  15.  Hecord  of  two  Experiments  on  similar  Engines 

WITH  and  WITHOUT  Jackets. 

Single-Cylinder  Condensing   Corliss   Engine.      Cylinder  20yV 

inches  diameter,  41f  inches  stroke.     Experiments  made  in  1873  by 

Messrs.   Hirn   and   Hallauer.     (Societo   Industrielle   de  Mulhouse, 

1873,  vol.  xliii.) 


Jackets,  With  or  Without  Steam 

Boiler  Pressure,  lbs.  per  square  inch  above  atm. 
Number  of  Expansions 
Revolutions  per  minute 
Piston  Speed,  feet  per  minute 
Besults.     Indicated  horse-power 

Jacket-Water,  lbs.  per  I.H.P.  per  hour 
„  )>      in  percentage  of  feed- water 

Feed-Water,  lbs.  per  I.H.P.  per  hour 

„  percentage  less  with  steam  in  jackets 


Without 

lbs. 

SO 

10 

revs. 

55 

feet 

383 

I.H.P. 

56-3 

lbs. 

p.c. 

.. 

lbs. 

23-6 

ickets 

With 

80 

10 

55 
383 
831 
0-68 
3-8 

18-0 
23-7  p.c. 


No.  16.  Itecord  of  four  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 
Single-Cylinder  Condensing  Beam  Engine.     Cylinder  26  inches 
diameter,  30  inches  stroke.     Experiments  made  in  1873  by  Mr.  G.  B. 
Kennie.      (Institution  of  Civil  Engineers,  vol.  li,  1877.)      Steam- 
supply  to  jackets  by  separate  small  pipe. 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Eevolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.    Indicated  horse-power  I.H.P. 

Jacket-water,  in  percentage  of  feed- water  p.c. 

Coal,  lbs.  per  I.H.P.  per  hour  lbs. 
„     percentage  less  with  steam  in  jackets 


Duration  of  each  of  2  trials  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Eevolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-water,  in  percentage  of  feed-water  p.c. 

Coal,  lbs.  per  I.H.P.  per  hour  lbs. 
„    percentage  less  with  steam  in  jackets 


Without 

48 
17 
3-4 


With 

48&49 
17 
3-4 


36-5  to  37-5  36-5  to  37-5 
182  fo  188   182  to  188 


39-0 


4-15 


52-3  &- 48 
17-2 
3-4 


41-6 
7-25 

2-81 
32-4  p.c. 


48&51 
15-9 
3-4 


36-5  to  37-5  36-5  to  37-5 
182  to  188    182  to  188 
39-7  39-6 

7-25 


4-44 


305 
31-3  p.c. 
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Single- Cylinder  Condensing  Engines  (continued). 


No.  17.  Record  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Marine  Engine.  Cylinder  25 
inches  diameter,  24  inches  stroke.  Experiments  made  on  s.s. 
"Bache,"  at  Baltimore,  U.S.A.,  in  1874,  by  Mr.  C.  E.  Emery. 
(American  Official  Eeports.)  This  is  the  same  engine  as  for  the  set 
of  experiments  No.  29,  but  here  used  without  the  high-pressure 
cylinder. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Feed- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


Without 

With 

21 

2-1 

78-1 

79-5 

5-3 

51 

47-1 

53-8 

188 

215 

89-1 

116 

26-25 

23-15 

•• 

11-8  p.c. 

No.  18.  Record  of  eight  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jaclets. 

Single-Cylinder  Condensing  Direct-acting  Vertical  Marine 
Engine.  Cylinder  34*1  inches  diameter,  30  inches  stroke  ;  the  body 
and  both  ends  were  jacketed.  Experiments  made  on  s.s.  "  Gallatin," 
at  moorings  in  1875,  by  Messrs.  C.  H.  Loring  and  C.  E,  Emery  of 
the  U.S.  Navy.  Jackets  supplied  from  bottom  of  steam-chest.  The 
jacket- water  condensed  in  steam-chest  and  jackets  was  drained  to 
intermediate  vessel  fitted  with  glass  water-gauge,  and  was  blown  off 
occasionally.  (United  States  Official  Eeports.)  This  is  the  same 
engine  as  for  the  set  of  experiments  No.  6,  but  here  used  with  the 
condenser. 


[Continued  on  next  page.) 
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Single- Cylinder  Condensing  Engines  (^continued). 
No.  18  (continued  from  preceding  page"). 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Kevolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.  P.  per  hour  lbs. 

„          ,,      in  percentage  of  feed-water  p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


Without 
1-9&2-3 


With 
21 


14  0&12-8;154  &1B-1 


2  &  1  •  5 

40-1  &  40-9 
200  &  204 
87  &  90-1 


42-27 


2&  1-5 
41-^  &  42-5 

200  &  212 
95-3  &  97-9 
0-88  &  0-79 

2-6  &  2-1 

35-37 
16-3  p.c. 


Dur.  of  each  of  6  trials  ivitliout  and  8  with  j&cketa,  hrs. 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horsepower  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  „      in  percentage  of  feed- water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


1-8  to  2-3     2  to  3-8 
44-7  to  37-7  45-4  to  36-2 
5-9  to  2-2   6-1  to  2-2 


Dur.  of  each  of  4  trials  icithout  and  5  witli  jackets,  hrs. 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  .  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  ,,      in  percentage  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

,,  percentage  less  with  steam  in  jackets 


Duration  of  experiment  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„          „      in  percentage  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


43  to  55-8 
215  to  279 
123  to  237 


25-94 


443to58-2 
221  to  291 
121  to  255 
2-1  to  0-49 
9-2  to  1-9 

24-36 
6-1  p.c. 


2to2-2 
71-5  to  61-1 
7-8  to  4-2 
52-4  to  59-9 
262  to  300 
185  to  283 


23-67 


2  to  4-4 
71-6  to  67-2 
7-3  to  4-2 
51-1  to  68-7 
255  to  343 
197  to  348 

1  to  0-6 
5-1  to2-9 

20-94 
11-5  p.c. 


24 
64-1 
4-5 
60-5 
302 
269 


24-35 


24 
65-4 

4-5 
61-5 

307 

282 
0-76 

3-5 

22-04 
9-5  p.c. 


See  also  set  of  Experiments  No.  6. 
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Single-Cylinder  Condensing  Engines  (continued). 

No.  19.  Record  of  four  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  tie  Jaclets. 

Single-Ctlindeu  Condensing  Coeliss  Engine.  Cylinder  24 
inches  diameter,  48  inches  stroke  ;  the  body  and  both  ends  were 
jacketed.  Experiments  made  at  Messrs.  Schlumberger's  Cotton  Mill, 
Mulhouse,  in  1878,  by  M.M.  Walther  Meunier  and  G.  Keller. 
Steam-supply  to  jackets  by  small  pipe.  (Societe  Industrielle  de 
Mulhouse,  vol.  xlviii,  1878.  Institution  of  Civil  Engineers,  vol. 
Iviii,  1879.) 

The  engine  used  in  these  experiments  had  two  cylinders,  one  of 
which  was  tested  while  the  other  kept  the  speed  constant.  The 
piston  was  hollow,  and  was  arranged  so  that  it  could  be  filled 
with  steam,  with  exit  for  condensed  water,  but  no  steam  was  admitted 
to  the  interior  during  any  of  the  four  experiments  here  tabulated. 
The  economy  in  consumption  of  feed-water,  due  to  jacketing  the 
piston  only,  ranged  in  several  experiments  from  2*2  to  2*4  per  cent. ; 
in  one  it  was  as  much  as  5  •  6  per  cent. 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

,,          ,,      in  percentage  of  feed- water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


Duration  of  experiment  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

,,           ,,      in  percentage  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

.,  percentage  less  with  steam  in  jackets 


Without 

With 

10-7&  5-7 

10-7 

66-7 

67-2 

5-7 

5-7 

49-2 

50 

394 

400 

128 

158 

0-67 

.. 

3-5 

24-76 

19-45 

21-5  p.c. 

5-7 

5-1 

67-7 

68-1 

12-4 

12-4 

49-9 

50-4 

400 

403 

81-1 

100-3 

0-91 

4-8 

27-20 

18-97 

30-3  p.c. 
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Single-Cylinder  Condensing  Engines  (continued). 


No.  20.  Becord  of  two  Experiments  on  same  Engine 

WITH  and  WITHOUT  Steam  in  the  JacJcefs. 

Single-Cylinder  Condensing  Horizontal  Engine.  Cijlinder  30 
inches  diameter,  42  inches  stroke  ;  body  and  both  ends  of  cylinder 
were  jacketed.  Experiments  made  at  Dalkeith  in  1877  by  Mr. 
Lavington  E.  Fletcher.     (The  Engineer,  24  August  1877.) 


Jackets,  With  or  Without  Steam 

Duration  of  each  of  2  trials  Lours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  Lorse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  i^er  hour  lbs. 

„           „      in  percentage  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„  percentage  less  with  steam  in  jackets 


Without 

With 

7 

6&7 

30  to  40 

55  to  60 

31 

4-7 

52-5 

53-2 

3G7 

372 

170 

192 

0-81 

.. 

3-4 

28-51 

24  10 

15-5  p.c. 

No.  21.  Becord  of  two  Experiments  on  same  Engine 
WITH  ami  WITHOUT  Steam  in  the  JacJcefs. 

Single-Cylinder  Condensing  Pumping  Engine  of  the  Bede  type 
with  Corliss  valves.  Cylinder  39*37  inches  diameter,  70 '87  inches 
stroke ;  only  the  body  of  the  cylinder  was  jacketed.  Experiments 
made  at  Asnieres  in  1879  by  MM.  Farcot.  Whole  steam-supply  to 
■cylinders  passed  through  the  jacket  when  in  use.  (L'lngenieur- 
Conseil,  vol.  2,  1879.) 


Jackets,  With  or  Witliout  Steam 

Duration  of  experiment  hours 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horsu-power  I.H.P. 

Feed-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

,,  percentage  less  with  steam  in  jackets 


Without 

With 

10 

10 

."io-e 

Cl-8 

13-4 

15 

2(5 -8 

27-7 

317 

327 

174 

166 

22-38 

18-55 

17  1  p.c. 
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Single-Cylinder  Condensing  .Engines  (^continued). 

No.  22.  Becord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Beam  Pumping  Engine.  Cylinder 
32  incties  diameter,  QQ  inclies  stroke ;  only  the  body  and  bottom  end 
were  jacketed.  Experiments  made  at  Cliatham  Water  Works,  in 
July  1882,  by  Mr.  John  G.  Mair.  (Institution  of  Civil  Engineers, 
vol.  Ixxix,  1884.) 


Jackets,  Witli  or  Without  Steam 

Without 

With 

Duration  of  experiment 

hours 

6-5 

6-5 

Number  of  diagrams  taken 

26 

2H 

Boiler  Pressure,  lbs.  per  square  inch  above  atm 

lbs. 

41-2 

42 

Number  of  Expansions 

3-8 

4-3 

Revolutions  per  minute 

revs. 

20-3 

20-3 

Piston  Speed,  feet  per  minute 

feet 

223 

223 

Besults.     Indicated  horse-power 

I.H.P. 

124 

123 

Jacket-Water,  lbs.  per  I.H.P.  per  hour 

lbs. 

1-09 

„           „       in  percentage  of  feed-water 

p.o. 

4-9 

Feed- Water,  lbs.  per  I.H.P.  per  hour 

lbs. 

26-46 

22 -OG 

„             percentage  less  with  steam  in  ji 

ckets 

16-6  p.c. 

No.  23.  Record  of  forty-six  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Single-Cylinder  Condensing  Corliss  Engine.  Cylinder  21-65 
inches  diameter,  43*31  inches  stroke  ;  the  body  only  was  jacketed. 
Experiments  made  at  the  Creusot  Works,  France,  in  1883,  by 
M.  Delafond.  The  jackets  were  supplied  with  steam  by  a  small  pipe 
from  the  main  steam-pipe,  and  were  automatically  drained. 
(Annales  des  Mines,  1884,  and  L'Ingenieur-Conseil,  1885.) 


Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  experiment                                          hours 

1 

1-2 

Number  of  diagrams  taken 

24 

28 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

110 

110 

Number  of  Expansions 

13-5 

11-3 

Revolutions  per  minute                                               revs. 

60 

58-8 

Piston  Speed,  feet  per  minute                                    feet 

433 

424 

Besults.     Indicated  horse-power                            I.H.P. 

109 

141 

Feed-Water,  lbs.  per  I.H.P.  per  hour                   lbs. 

23-24 

17-05 

,,             percentage  less  witli  steam  in  jackets 

26-6  p.c. 

(^Continued  to  page  729.) 
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Single-Cylinder  Condensing  Engines  (continued). 
No.  23  {continued  from  preceding  page). 


Jackets,  With  or  Without  Steam 

Duration  of  experiment                                          houis 

Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

Number  of  Expansions 

Rovulutious  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                     feet 

Itesults.     Indicated  horse-power                           I.H.P. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„              percentage  less  witb  steam  in  jackets 

Without 

1-75 

42 

110 
10-7 
58-6 

423 
128-5 

22-24 

With 

0-9 

22 
110 

10 

61-5 

444 

159-5 

16-65 
25-1  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Revolutions  per  minute                                               revs. 

Piston  Speed,  feet  per  minute                                   feet 

Remits.     Indicated  horse-power                           I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                  lbs. 
„              percentage  less  with  steam  in  jackets 

1-25 
30 
110 

8-2 
59-4 
429 
161 

21-41 

1-3 

32 
110 
10 
59-9 
432 
155 
0-48 
2-9 

16-50 
23-0  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.    lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                   feet 

Results.     Indicated  horse-power                             I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

0-6 
14 

110 
6-4 

57-7 
416 
186 

21-99 

0-7 
14 
110 
6-4 
58-1 
419 
212 
0-56 
3-2 

17-59 
20-0  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                    feet 

Results.     Indicated  horse-power                             I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„           „       in  percentage  of  feed-water            p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

2 

48 
88-9 

9-3 
59-8 

432 

126 

21-19 

1-6 

36 
88- 

12 
59-6 
430 
112 
0-53 
30 

17-66 
16 -r  p.c. 

(Continued  on  next  page.) 
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Single-Cylinder  Condensing  Engines  (continued^. 
No.  23  [continued  from  preceding  page). 


Jackets,  With  or  Without  Steam 

Duration  ot  experiment                                            hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                             revs. 

Piston  Speed,  feet  per  minute                                     feet 

Eesults.     Indicated  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

Without 

1-7 

40 
88-9 

8-7 
59-3 

428 

134 

21-05 

With 

1-7 

40 
88-9 
11-3 
59-6 
430 

124 
0-54 
31 

17-32 
17-7  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.    lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                   feet 

Results.     Indicated  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
,,             percentage  less  with  steam  in  jackets 

1-5 

36 
88-9 

7-3 
59-8 

432 

150 

20-79 

0-7 

16 
88-9 

6-8 
59-4 

429 

176 

0-2 

1-2 

16-87 
18-8  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                   feet 

Eesults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„           „       in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

0-9 

22 
88-9 
5-9 

58 
419 
175 

19-89 

0-7 

16 
88-9 
5-9 

60 
433 
193 
0-26 
1-5 

17-50 
12-0  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                   feet 

Eesults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                  lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

0-8 
20 
88-9 
4-8 
591 
427 
194 

20-43 

0-7 

16 
88-9 

5-9 

60 

433 

193 
0-26 

1-5 

17-50 
14-3  p.c. 

(  Continued  on  next  page.) 
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Single-Cylinder  Condensing  Engines  (continued). 
No.  23  (continued  from  preceding  page). 


Jackets,  With  or  Without  Steam 

Duration  of  experiment                                             hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                     feet 

Beaults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          ,,       in  percentage  of  feed-water            p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour          '          lbs. 
„             percentage  less  with  steam  in  jackets 

Without 

1-5 
36 

64 
10-8 

58-3 
421 
85-3 

20-41 

With 

1-91 

46 

64 
10-7 
59-9 
432; 
91-7 
0-46 
2-5 

18-48 
9-4  p.c. 

Duration  of  experiment                                          hours 

Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.     lbs. 

Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                     feet 

Results.     Indicated  horse-power                             I.H.P. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„             percentage  less  with  steam  in  jackets 

1-5 

36 
64 
8-2 
59-5 
429 
115 

19-09 

1-5 
36 
64 

8-2 
59-6 
430 
117 

17-59 
7-8  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Eevolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                    feet 

Besults.     Indicated  horse-power                             I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          ,,      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

1-25 
30 
64 
5-4 
59 
426 
150 

18-06 

1-5 

36 
64 
5-4 

58-8 

424 

150 
0-31 

1-8 

17-34 
4-0  p.c. 

Duration  of  experiment                                           hours 
Number  of  diagrams  taken 

Boiler  Pres.sure,  lbs.  per  square  inch  above  atm.     lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feed  per  minute                                   feet 

Besults.     Indicated  horse-power                             I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 
„             percentage  less  with  steam  in  jackets 

1-25 
30 
64 
3-9 
58-3 
421 
172 

18-37 

1-2 

28 

64 
4-4 
59-1 
427 
175 
0-26 
1-5 

17-66 
3-9  p.c. 

(Continued  on  next  page.) 
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Single- Cylinder  Condensing  Engines  (^continued). 
No.  23  {continued  from  preceding  page). 


Jackets,  With  or  Without  Steam 

Duration  of  experiment                                          hourfj 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.    lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  miniite                                    feet 

Besults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

Without 
0-5 
12 

64 
3  6 
59-2 
427 
186 

18-84 

With 

0-8 

20 

C4 
3-6 

59 
426 
194 
0-3 
1-6 

18-55 
1  -  5  p.o. 

Duration  of  experiment                                         hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.    lbs. 
Number  of  Expansions 

Revolutions  per  minute                                            revs. 

Piston  Speed,  feet  per  minute                                    feet 

Besults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

„          „      in  percentage  of-  feed- water          p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

1-2 

28 
49-8 
10-7 
60-7 

438 
75-6 

20-65 

1-6 

38 
49-8 

12 
60-3 
435 
68-8 
0-5 
2-6 

19-29 
6-6  p.c. 

Duration  of  experiment                                          hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 
Number  of  Expansions 

Revolutions  per  minute                                           revs. 

Piston  Speed,  feet  per  minute                                     feet 

Mesults.     Indicated  horse-power                            I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                lbs. 

„          „      in  percentage  of  feed-water           p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets. 

1-3 

32 
49-8 

7-9 
58-8 

424 
94-3 

19-36 

11 

24 
49-8 
7-6 
57-6 
416 
95-5 
0-43 
2-3 

18-48 
4-5  p.c. 

Duration  of  experiment                                         hours 
Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.    lbs. 
Number  of  Expansions 

Revolutions  per  minute                                              revs. 

Piston  Speed,  feet  per  minute                                     feet 

Besults.     Indicated  horse-power                            I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                  lbs. 

„           „      in  percentage  of  feed-water           p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour                   lbs. 
„             percentage  less  with  steam  in  jackets 

1-9 
44 
49-8 
5-6 
60-4 
436 
120 

18-77 

1 

24 
49-8 

5-8 
59-7 

431 

120 
0-25 

1-4 

18-17 
3-2  p.c. 

{Continued  on  next  page. ^ 
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Single-Cylinder  Condensing  Engines  (^continued). 
No.  23  (^continued  from  preceding  page). 


( Concluded  on  next  page.) 
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Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  experiment                                            hours 

0-7 

0-7 

Number  of  diagrams  taken 

16 

16 

Boiler  Pressure,  lbs.  per  square  ineli  above  aim.      lbs. 

35-6 

35-6 

Number  of  Expansions 

1-7 

1-7 

Revolutions  per  minute                                              revs. 

61 

61-1 

Piston  Speed,  feet  per  minute                                    feet 

440 

441 

Results.     Indicated  horse-power                             I.H.P. 

181 

ISO 

Jacket-Water,  lbs.  per  I.H.P.  per  hour                  lbs. 

^, 

0-15 

„           ,,       in  percentage  of  feed-water            p.c. 

.. 

0-6 

Feed-Water,  lbs.  per  I.H.P.  per  hour                   lbs. 

25-26 

25-41 

„            p.c.  less  ivithout  steam  in  jackets 

0-61  p.c. 

Duration  of  experiment                                            hours 

0-3 

0-4 

Number  of  diagrams  taken 

8 

10 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.      lbs. 

35-6 

35-6 

Number  of  Expansions 

1 

1 

Revolutions  per  minute                                              revs. 

60 

60-4 

Piston  Speed,  feet  per  minute                                     feet 

433 

436 

Besults.     Indicated  liorse-power                            I.H.P. 

182 

199 

Jacket- Water,  lbs.  per  I.H.P.  per  hour                 lbs. 

,  , 

0-66 

„           „      in  percentage  of  feed-water           p.c. 

0-2 

Feed- Water,  lbs.  per  I.H.P.  per  hour                    lbs. 

35-87 

33-01 

„             percentage  less  with  steam  in  jackets 

8-0  p.c. 

See  also  set  of  Experiments  No.  8. 
End  of  Experiments  on  Single-Cylinder  Condensing  Engines. 


For  Experiments  on  Compound  Condensing  Engines  see  next  page. 
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COMPOUND  CONDENSING  ENGINES. 


No.  24.  Becorcl  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jaclcets. 

Compound  Condensing  Beam  Engine.  Cylinders,  13f  and  29^f 
inches  diameter,  49f  and  66f  inches  stroke;  only  the  body  and 
bottom  end  of  each  were  jacketed.  Experiments  made  at  Messrs. 
Haussmann's  Cotton  Mill  at  Logelbach,  near  Colmar  in  1854  and 
1855  by  Mr.  G.  A.  Him,  who  also  records  an  experiment  made  on 
another  engine  by  jacketing  the  cylinder  with  smoke,  the  eflfect  of 
which  was  found  to  be  almost  nil.  (Societe  Industrielle  de 
Mulhouse,  vol.  xxvii,  1855.) 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 

Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speeds,  feet  per  minute  feet 

Besults.    Jacket-Water  lbs.  per  Brake  H.P.  per  hour    lbs. 

„  „      in  percentage  of  feed-water       p  c. 

Brake  Horse-Power  B.H.P. 

„        percentage  more  with  steam  in  jackets 


Without 

With 

12 

12 

55-8 

55-8 

4-3 

4-3 

23-5 

23-5 

194&261 

194&2(J1 

0-92 

5-2 

78-4 

102-6 

23-5  p.c. 

No.  25.  Record  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 
Compound  Condensing  Beam  Engine.  8  H.P.  Cylinders  7^ 
inches  and  14  inches  diameter,  26|  and  36  inches  stroke ;  only  the 
body  and  bottom  end  of  each  were  jacketed.  Experiments  made  at 
Bermondsey  in  March  1859  by  Messrs.  Farey  and  B.  Donkin,  Jun. 
The  whole  steam-supply  to  the  cylinders  passed  through  the  jackets 
when  in  use. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 
Number  of  top-diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  Speeds,  feet  per  minute  feet 

Eesults.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„          ,.      in  percentage  of  feed-water  p.c. 

Feed- Water,  lbs.  per  I.H.P.  per  hour  lbs. 
„            percentage  less  with  steam  in  jackets 


Without 

4 

18 

41 

5-5 

36-7 

160  &  220 

16-7 


44-48 


With 

4 

20 

41 
5-5 
36-3 
158  &  218 
19-8 
2-84 
8-9 

31-74 
28-6  p.c. 
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Compound  Condensing  Engines  (continued). 

No.  26.  Becord  of  three  Experiments  on  same  Engine 

WITH  and  WITHOUT  Steam  in  the  Jackets. 

Compound  Condensing   Beam   Engine.      Cylinders  13^  and  24 

inches  diameter,   39|    and   54   inches   stroke ;   only  the  body  and 

bottom  end  of  each  were  jacketed.     Experiments  made  at  Bermondsey 

in  1868  by  Messrs.  Farey  and  B.  Donkiu,  Jun.    Whole  steam-supply 

to  cylinders  passed  through  the  jackets  when  in  use,  except  in  last 

column  when   steam  at   only  4  lbs.  pressure  was  admitted  to  the 

jackets. 


Jackets,  With  or  Without  Steam 


hours 


Duration  of  experiment 
Nmnber  of  diagrams  taken 
Boiler  Pressure,  lbs.  per  sq.  in.  above  atm.  lbs. 
Number  of  Expansions 

Revolutions  per  minute  revs. 

Piston  SiDeeds,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour    lbs. 

„  „      in  p.c.  of  feed-water  p.c. 

Feed-Water,  lbs.  per  I.H.P.  per  hour       lbs. 
,,  p.c.  less  with  steam  in  jackets 


Without 

With 

10 

10 

88 

84 

41-1 

40-9 

14 

11 

32-0 

32-5 

210  &  288  213  &  292 


27-8 


32-74 


46-2 
3-86 
171 

22-51 
31-2  p.c. 


Pressure 
4  lbs.  only, 


41 

12 
32-6 
214  &  294 
37-2 
2-81 
9-9 

28-27 
13-7  p.c. 


No.  27.  Record  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 
Compound  Condensing  Beam  Engine.  Cylinders  7^  and  14 
inches  diameter,  2Q^  and  36  inches  stroke ;  only  the  body  and 
bottom  end  of  each  were  jacketed.  Experiments  made  at  Bermondsey 
in  1870  by  Messrs.  Farey  and  B.  Donkin,  Jun.  Whole  steam-supply 
to  cylinders  passed  through  the  jackets  when  in  use. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment 
Number  of  diagrams  taken 
Boiler  Pressure,  lbs.  per  square  inch  above  atm. 
Number  of  Expansions 
Revolutions  per  minute 
Piston  Speeds,  feet  per  minute 
Eesults.     Indicated  horse-power 
Jacket-Water,  lbs.  per  I.H.P.  per  hour 
„  „       in  percentage  of  feed-water 

Feed-Water,  lbs.  per  I.H.P.  per  hour 

„  percentage  less  with  steam  in  jackets 


Without 

With 

hours 

3 

3 

48 

48 

lbs. 

45 

45 

10-3 

10-3 

revs. 

37-4 

43-7 

feet 

163  &  224 

190  &  262 

I.H.P. 

9-7 

16-5 

lbs. 

,  , 

5-67 

p.c. 

23-4 

lbs. 

39-49 

24-25 

ckets 

38-6  p.c. 
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Compound  Condensing  Engines  (^continued). 

No.  28.  Itecord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Compound  Condensing  Beam  Engine.  Cylinders  20^\  and  31j 
inches  diameter,  51§  and  70{-  inches  stroke  ;  only  the  low-pressure 
cylinder  and  intermediate  passage  were  jacketed,  the  latter  always. 
Experiments  made  at  Maestricht,  Belgium,  in  March  1873  by 
M.  Lhoest.  (Eevue  Universelle  des  Mines,  1873.)  The  author  did 
not  consider  the  experiments  altogether  satisfactory,  as  the  steam 
could  not  be  entirely  shut  off  from  the  jacket,  owing  to  the  peculiar 
construction  of  the  engine. 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Kevolutions  per  minute  revs. 

Piston  Speeds,  feet  per  minute  feet 

Eesults.    Indicated  horse-power  I.H.P. 

Feed- Water,  percentage  less  with  steam  in  jackets 


Without 

With 

12 

12 

60 

60 

13 

13 

25 

25 

215  &  295 

215  &  295  ' 

119 

119 

•• 

4  to  5  p.c, 

i 

No.  29.  Itecord  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  JacJcets. 

Compound  Condensing  Marine  Engine.  Cylinders  16  and  25 
inches  diameter,  24  inches  stroke.  Experiments  made  on  s.s.  "Bache" 
at  Baltimore,  U.S.A.,  in  1874,  by  Mr.  C.  E.  Emery.  (American 
Official  Reports.) 


I 


Jackets,  With  or  Without  Steam 

Duration  of  experiment  hours 
Boiler  Pressure,  lbs.  per  square  inch  above  atm.  lbs. 
Number  of  Expansions 

Kevolutions  per  minute  revs. 

Piston  Speed,  feet  per  minute  feet 

Results.     Indicated  horse-power  I.H.P. 

Feed- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

„             percentage  less  with  steam  in  jackets 


Without 

With 

21 

1-9 

80-3 

80-2 

6-7 

7 

47-7 

53-2 

191 

213 

77-1 

99-2 

23-04 

20-33 

11-7  p.c. 

See  also  set  of  Experiments  No.  17. 
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Compound  Condensing  Engines  {continued^. 

No.  30.  Record  of  twenty-two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Compound  Condensing  Horizontal  Tandem  Experimental 
Engine.  Cylinders  6  incites  and  10  inches  diameter,  12  inches 
stroke  ;  only  the  bodies  of  the  cylinders  were  jacketed.  Experiments 
made  at  Bermondsey  from  1875  to  1881  by  Messrs.  Farey,  B.  Donkin, 
Jun.,  and  Salter.  The  whole  steam-supply  to  the  cylinders  passed 
through  the  jackets,  when  in  use,  which  were  drained  by  traps.  When 
not  in  use  the  jackets  were  open  to  the  air. 
For  each  of  the  twenty-two  experiments : — 

Duration  of  experiment 

Number  of  diagrams  taken 

Boiler  Pressure,  lbs.  per  square  inch  above  atm. 

Revolutions  per  minute  .... 

Piston  Speed,  feet  per  minute 


0*5  hour. 

16 

42  lbs. 

98  revs. 

196  feet. 

FouB  Experiments  WITHOUT  Steam  in  Either  Jacket. 


Both  Jackets,  Without  Steam 

Number  of  Expansions 

Results.     Indicated  horse-power                            I.H.P. 
Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

Without 

8-38 
7-10 
525 

Without 

7  •.'54 
8-04 
533 

Number  of  Expansions 

Results.     Indicated  horse-power                            I.H.P. 
Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

5-80 
9-37 
619 

4-45 

10-51 

574 

Thbee  Experiments  WITH  Steam  in  High-Pressure  Jacket  alone. 


High-Pressure  Jacket  alone,  With  Steam 

Number  of  Expansions 

Results.     Indicated  horse-power                         I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour               lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

With 

10-78 
6-72 
4-2 
420 

With 

7-73 
8-03 
3-9 
420 

With 

7-01 
8-84 
3-24 
418 

(^Continued  to  page  735.) 
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Compound  Condensing  Engines  (^continued). 


No.  30  (continued  from  preceding  page). 

Average  Eesults  feom  the  foregoing  Theee  Experiments 

WITH  Steam  in  High-Peessuke  Jacket  alone, 

AND  Four  Expeeiments  WITHOUT  Steam  in  Eithee  Jacket. 


High-Pressure  Jacket  alone,  With  or  Without  Steam 

Besults.     Indicated  horse-power  I.H.P. 

Jacket- Water,  lbs.  per  I.H.P.  per  hour  lbs. 

Thermal  units  rejected  per  I.H.P  per  minute  Th.U. 

„  „      percentage  less  with  steam  in  jacket 

of  High-Pressure  Cylinder  alone 


Seven  Experiments  WITH  Steam  in  Low-Peessuee  Jacket  alone. 


Low-Pressure  Jacket  alone.  With  Steam 

Number  of  Expansions 

Besults.     Indicated  horse-power                           I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour              lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

With 

15-8 
6-88 
5-76 
427 

With 
9-74 

8-72 
4-8 
380 

With 
9-14 
9-02 
4-14 

388 

Number  of  Expansions 

Besults.     Indicated  horse-power                          I.H.P. 

Jacket- Waler,  lbs.  per  I.H.P.  per  hour              lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

8-38 
9-82 
3-9 
383 

7-54 
10-94 

3-78 
385 

Number  of  Expansions 

Besults.     Indicated  horse-power                           I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour              lbs. 

Thermal  units  rejected  per  I.H. P.  per  minute  Th.U . 

7-18 
11-44 

4-02 
407 

5-38 
12  39 
3-24 

427 

Average  Eesults  from  the  foregoing  Seven  Experiments 

WITH  Steam  in  Low-Pressurb  Jacket  alone, 

AND  Four  Experiments  WITHOUT  Steam  in  Eithee  Jacket. 


Low-Pressure  Jacket  alone.  With  or  Without  fc?team 

Besults.     Indicated  horse-power  I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour  lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

„  „     percentage  less  with  steam  in  jacket 

of  Low-Pressure  Cylinder  alone 


Without 

8-75 

563 


(Concluded  on  next  page.) 
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Comjpound  Condensing  Engines  (continued). 


No.  30  (concluded  from  page  733). 
Eight  Expeeiments  WITH  Steam  in  Both  Jackets. 


Both  Jackets,  With  Steam 

Number  of  Expansiong 

Besults.    Indicated  horse-power                         I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour               lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U- 

"With 
13-1 

6-50 
6-6 

347 

Witli 
131 
7-01 
6-6 
348 

With 

8-38 
8-85 
4-8 
375 

Number  of  Expansions 

Besults.     Indicated  horse-power                          I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour              lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

9-14 
9-05 
5-4 
367 

7-54 
9-08 
6-6 
372 

6-70 

10-53 

5-4 

385 

Number  of  Expansions 

Besults.    Indicated  horse-power                         I.H.P. 

Jacket-Water,  lbs.  per  I.H.P.  per  hour               lbs. 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

5-80 

11-82 

4-2 

370 

4-64 

12-87 
4-8 
410 

Average  Eesults  from  the  foregoing  Eight  Experiments 

WITH  Steam  in  Both  Jackets, 

AND  Four  Experiments  WITHOUT  Steam  in  Either  Jacket. 


Both  Jackets,  With  or  Without  Steam 

Without 

With 

Besults.     Indicated  horse-power                           I.H.P. 

8-75 

9-46 

Jacket-Water,  lbs.  per  I.H.P.  per  hour               lbs. 

5-55 

Thermal  units  rejected  per  I.H.P.  per  minute  Th.U. 

563 

372 

„           „    percentage  less  with  steam  in  both 

jackets 

•• 

33'9p.c. 
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Compound  Condensing  Engines  (continued). 

No.  31.  Record  of  tico  Experiments  on  same  Engine 

WITH  and  WITHOUT  Steam  in  the  JacJcets. 

Compound  Condensing  Woolf  Beam  Pumping  Engine.  Cylinders 
22  and  34  inches  diameter,  43  and  66  inches  stroke ;  the  body  and 
both  ends  of  each  cylinder  were  jacketed.  Experiments  made  at 
Chatham  Water  Works  in  August  1881  by  Mr.  John  G.  Mair. 
(Institution  of  Civil  Engineers,  vol.  Ixx,  1882.) 


Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  experiment                                   hours 

G 

10 

Number  of  diagrams  taken 

52 

124 

Boiler  Pressure,  lbs.  per  sq.  in.  above  atm.       lbs. 

43-3 

47-3 

Number  of  Expansions 

9-3 

15-8 

Revolutions  per  minute                                     revs. 

17-8 

19-6 

Piston  Speeds,  feet  per  minute                          feet 

128  &  196 

141  &  216 

Results.     Indicated  horse-power                     I.H.P. 

75-9 

75-2 

Jacket-Water,  lbs.  per  I.H.P.  per  hour          lbs. 

1-72 

„          „      in  percentage  of  feed-water  p.c. 

9-9 

Feed- Water,  lbs.  per  I.H.P.  per  hour            lbs. 

26-62 

17-34 

„             p.c.  less  with  steam  in  jackets 

34-9  p.c. 

No.  32.  Record  of  two  Experiments  on  same  Engine 
WITH  and  WITHOUT  Steam  in  the  Jackets. 

Compound  Condensing  Woolf  Beam  Engine  driving  a  flour  mill. 
Cylinders  24^  and  38  inches  diameter,  41  and  66  inches  stroke ;  only 
the  body  of  each  was  jacketed.  Experiments  made  in  London 
in  December  1881  by  Mr.  John  G.  Mair.  (Institution  of  Civil 
Engineers,  vol.  Ixx,  1882.) 


Jackets,  With  or  Without  Steam 

Without 

With 

Duration  of  experiment                                   hours 

10 

21 

Number  of  diagi-ams  taken 

124 

264 

Boiler  Pressure,  lbs.  per  sq.  in.  above  atm.        lbs. 

74-3 

71-8 

Number  of  Expansions 

7-8 

9-6 

Eevolutions  per  minute                                     revs. 

34-5 

34 

Piston  Speeds,  feet  per  minute                          feet 

236  &  380 

232  &  374 

Results.    Indicated  horse-power                    I.H.P. 

268 

268 

Jacket-Water,  lbs.  per  I.H.P.  per  hour          lbs. 

1-35 

„           „      in  percentage  of  feed-water  p.c. 

7-7 

Feed-Water,  lbs.  per  I.H.P.  per  hour             lbs. 

19-24 

17-56 

„             p.c.  less  with  steam  in  jackets 

8  -  7  p.c. 
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Compound  Condensing  Engines  (^continued). 


No.  33.  Record  of  two  Experiments  on  same  Engine 

WITH  and  WITHOUT  Steam  in  tie  Jackets. 

Compound  Surface-Condensing  Three  -  Cylinder  Vertical 
Inverted  Engine.  Cylinders  19,  25,  and  25  inches  diameter, 
24  inches  stroke  ;  only  the  bodies  of  the  cylinders  were  jacketed. 
Experiments  made  at  the  London  Hydraulic  Power  Pumping  Station 
in  1887  by  Professor  Kennedy  and  Mr.  B.  Donkin,  Jun.  Steam- 
supply  to  jackets  by  small  pipe.  Steam  from  small  cylinder 
expanded  into  two  large  cylinders. 


Jackets,  With  or  Without  Steam 

Duration  of  experimeut 

Boiler  Pressure,  lbs.  per  square  inch  above  atra. 

Number  of  Expansions 

Revolutions  per  minute 

Piston  Speed,  feet  per  minute 

Besults.     Indicated  horse-power 

Jacket-Water,  lbs.  per  I.H.P.  per  liour 
„  „       in  percentage  of  feed-water 

Feed- Water,  lbs.  per  I.H.P.  per  hour 

„  percentage  less  with  steam  in  jackets 


Without 

With 

hours 

9 

9 

.     lbs. 

80 

80 

7 

7 

revs. 

55 

55 

feet 

220 

220 

I.H.P. 

157 

168 

lbs. 

1-32 

p.c. 

6-5 

lbs. 

23-93 

20-25 

ckets 

15-4  p.c. 

738 


VALUE    OP    STEAM-JACKET. 


Compound  Condensing  Engines  (continued). 


Oct.  1889. 


f 


No.  34. 

EXPERIMENTS  ON  THE  COMPAEATIVE  EFFICIENCY 

OF  A  COMPOUND  CONDENSING  ENGINE 

WORKING  WITH  AND  WITHOUT  STEAM  IN  JACKETS. 


By  PKOFESSOE  ALEXANDER  B.  W.  KENNEDY,  F.R.S., 

Honorary  Life  Member. 


Engine. — The  experimental  engine  at  University  College,  London, 
with  which  the  trials  recorded  in  Table  34  were  carried  out,  is  of 
the  compound,  tandem  type  manufactured  by  Messrs.  Bryan  Donkin 
and  Co.,  and  has  ali-eady  been  fully  described  and  illustrated  in 
"  Engineering,"  vol.  xvii,  p.  303  ;  vol.  xxi,  p.  203  ;  and  vol.  xxxiv, 
J).  603.  It  is  the  same  engine  with  which  the  previous  experiments 
No.  30  were  made. 

The  cylinders  are  6  inches  and  10  inches  in  diameter.  An 
expansion  valve  of  the  Meyer  type  is  fitted  to  the  high-pressure 
cylinder,  by  means  of  which  the  cut-off  can  be  made  to  take  place  at 
any  point  in  the  stroke.  The  ports  are  disposed  unsymmetrically 
about  the  centre  line  of  the  cylinders  in  such  a  manner  as  to  prevent 
any  serious  accumulation  of  water.  Both  cylinders  are  jacketed, 
and  during  the  trials  the  steam  circulated  through  both  jackets 
before  entering  the  high-pressure  valve-chest.  When  the  jackets 
were  not  in  use,  the  traps  were  left  wide  open  in  order  to  allow  any 
steam  that  might  leak  through  into  the  jackets  to  escape  at  once. 

Boiler. — The  boiler  used  before  No.  80  of  these  trials  was  of  the 
vertical  multitubular  type,  but  it  was  judged  that  it  made  very  wet 
steam.  A  new  boiler,  of  the  locomotive  type,  manufactured  by 
Messrs.  Lindsay  Burnet  and  Co.,  was  therefore  substituted.  A 
separator  is  fixed  on  the  steam  pipe  near  the  boiler ;  and  as  the  boiler 
is  very  much  under-worked,  very  diy  steam  is  supplied. 
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Explanation  of  Table. — In  tlie  selection  of  tlie  trials,  from  tlie 
results  of  wliicli  the  Table  34  has  been  compiled,  preference  was 
given  to  those  whose  duration  was  not  less  than  two  hours;  but 
unavoidably  some  trials  have  been  used  which  did  not  last  so  long, 
whilst  others  extended  over  five  and  seven  hours.  As  far  as  possible 
the  trials  have  been  tabulated  in  pairs  of  one  jacketed  and  one 
non-jacketed  carried  out  under  as  nearly  as  practicable  the  same 
conditions. 

Lines  a,  b,  li,  m,  y,  and  z  need  no  comment. 

Line  c  is  the  real  ratio  of  expansion,  that  is,  the  ratio  of  the 
low-pressure  piston  displacement  plus  the  clearance,  to  the  volume  at 
cut-ofi"  in  the  high-pressure  cylinder  plus  the  clearance. 

Lines  d  and  e  show  the  mean  net  weight  of  steam  in  the  high- 
pressure  cylinder  at  cut-oflf,  allowance  being  made  for  the  dead 
clearance  steam,  in  pounds  per  minute.  The  values  in  line  d  are 
calculated  for  a  uniform  speed  of  100  revolutions  per  minute,  the 
values  in  line  e  being  calculated  for  the  actual  mean  speed  observed 
during  the  trial.  The  quantities  in  this  line  are  the  mean  values 
calculated  from  all  the  diagrams  taken  from  both  ends  of  the 
cylinder. 

Line  /  gives  the  net  weight  of  steam  and  water  passing  through 
the  cylinders  in  pounds  per  minute.  These  values  are  obtained  by 
subtracting  the  whole  trap-water  (which  includes  water  condensed  in 
the  jackets  as  well  as  in  the  steam  pipe,  and  any  leakage)  from  the 
total  feed  which  is  measured  directly. 

Line  g  is  the  difference  between  lines  /  and  e,  the  mean  amount 
of  water  contained  in  the  mixed  steam  and  water  in  the  high-pressure 
cylinder  at  cut-off. 

Line  i  shows  the  indicated  horse-power.  Diagrams  were  taken  by 
four  indicators  simultaneously,  one  on  each  end  of  each  cylinder. 
Li  the  two-hour  trials  diagrams  were  taken  every  fifteen  minutes ;  in 
the  seven-hour  trials  every  thirty  minutes. 

Line  j  gives  the  quantities  in  line  /expressed  in  pounds  per 
I.H.P.  per  hour. 

Line  h  shows  the  weighed  amount  of  water  drawn  from  the  feed 
tank  by  the  feed  j)ump,  minus  or  plus  any  difference  in  the  boiler  at 
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tlio  end  of  tlie  trial,  expressed  in  pounds  per  I.H.P.  per  hour.  The 
difference  between  lines  j  and  Ic  is  represented  by  and  equal  to  the 
sum  of  lines  m,  n,  o,  and  r. 

Line  I  gives  the  saving  of  feed-water  per  indicated  horse-power, 
and  compares  with  the  corresponding  final  percentages  in  the 
preceding  tables. 

Lines  n  and  o. — In  the  earlier  trials  the  condensed  steam  from 
the  steam  pipe  was  discharged  through  the  low-pressure  trap,  while  in 
the  more  recent  trials  a  separate  trap  was  fixed  to  the  steam  i)ipe. 

Line  p  shows  the  amount  of  water  due  to  condensation  caused  by 
the  action  of  the  cylinder  walls.  These  values  were  arrived  at  in 
the  following  way.  After  each  trial  the  engine  was  left  standing 
with  full  steam  in  the  jackets  for  two  hours.  The  water  issuing 
from  the  traps  was  weighed  and  assumed  to  be  equal  to  that  due  to 
radiation  when  the  engine  was  running. 

This  amount,  which  is  that  given  in  line  q,  is  subtracted  from  the 
total  trap-water  measured  during  the  trial,  and  the  difference  is 
credited  to  condensation  due  to  transmission  of  heat  through  the 
cylinder  walls.  The  amount  of  steam  condensed  in  the  steam  pipe 
was  somewhat  greater  when  the  engine  was  running  than  when  it  was 
standing.     The  difference,  which  was  very  small,  was  allowed  for. 

Lines  p  and  q  together  show  the  same  quantity  of  water  as 
lines  m,  n,  and  o,  but  differently  subdivided. 

Line  r  gives  the  amount  of  water  that  issued  from  the  separator. 
In  the  cases  of  trials  Nos.  103  and  105  this  also  includes  some  small 
leakage  in  the  engine  and  in  some  of  the  boiler  mountings. 

Line  s  gives  the  value  of  the  steam  that  passed  through  the 
cylinder  per  I.H.P.  per  hour,  calculated  from  the  discharge  over  the 
tumbling  bay.  In  the  more  recent  trials  the  injection  water  was 
separately  measured  before  going  to  the  condenser.  This  makes  it 
possible  to  ascertain  separately,  by  calculatiou,  the  amount  of  steam 
and  water  which  leaves  the  engine.  The  values  given  in  line  s  are 
approximately  equal  to  those  of  line  J  minus  this  calculated  amount 
of  water  which  is  given  separately  in  line  v ;  the  reason  for  the 
equality  being  only  approximate  in  the  earlier  experiments  is  the 
method  then  adopted  for  obtaining  the  values  in  line  v,  as  exi)lained 
under  v  in  the  next  page. 
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Line  t  gives  tlie  ratio  of  tlie  amount  of  net  feed  (tLat  is,  the 
whole  weight  of  the  mixture)  in  line/,  to  the  weight  of  steam  alone  at 
cut-oflf  in  the  high-pressure  cylinder,  in  line  e.  If  unity  be  subtracted 
from  the  figures  in  line  t,  the  difference  is  the  ratio  of  water  to  steam 
at  cut-off  in  the  high-pressure  cylinder.  The  reciprocal  of  the  figures 
in  line  t  is  the  ratio  of  the  weight  of  steam  to  the  whole  weight  of 
the  mixture. 

Line  it  gives  the  difference  between  the  weight  of  the  mixed  steam 
and  water  passing  through  the  engine  in  line  /,  and  that  of  the  steam 
alone  found  at  the  end  of  the  low-pressure  stroke  in  line  s;  that  is,  it 
gives  the  amount  of  water  at  the  end  of  the  stroke  in  the  low-pressure 
cylinder.  The  figures  given  in  this  line  ought  therefore  to  be  equal 
to  those  of  line  v,  which,  as  already  stated,  gives  the  calculated 
amount  of  water.  In  the  recent  trials,  where  the  injection  water  was 
directly  measurable,  these  two  lines  are  really  identical.  But  in  the 
older  trials — where  the  only  means  of  getting  at  the  amount  of 
condensing  water  per  minute  was  by  calculating  the  number  of 
pounds  of  condensing  water  per  pound  of  steam,  from  the  heat 
contained  in  each  pound  of  steam  condensed  and  the  rise  of 
temperature  in  the  condenser,  and  then  deducing  the  amount 
of  condensing  water  and  of  condensed  steam  per  minute  from  the 
total  discharge  over  the  tumbling  bay  per  minute — an  error  was 
naturally  involved,  which  causes  the  discrepancy  already  referred  to 
between  the  values  found  in  these  two  lines. 

Line  w  gives  the  net  weight  of  steam  and  water  passing  to  the 
engine,  which  is  the  total  feed  minus  all  sources  of  loss  other  than 
that  portion  p  of  the  trap-water  which  is  determined  to  be  due  to  the 
quantity  of  jacket  steam  condensed  in  consequence  of  transference  of 
heat  through  the  cylinder  walls.  These  values  to  are  equal  to  the 
sums  of  corresponding  values  in  lines  ^  and  p. 

Line  x  contains  the  discrepancy  between  the  total  quantity  of 
heat  received  and  the  sum  of  the  different  quantities  of  heat  rejected 
plus  the  thermal  equivalent  of  the  work  done,  the  difference  being 
expressed  as  a  percentage  of  the  total  heat  received.  It  is  in  fact  the 
balance  unaccounted  for  in  the  "  Heat  Account,"  which  was  worked 
out  in  full  for  every  trial,  although  the  details  are  not  given  here. 
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Compound  Condensing  Engines  {continued). 

TABLE  34  {continued  to  page  l^h). 

Comparative  results  of  Compound  Condensing  Steam-Engine  Trials 
WITH  and  WITHOUT  Steam  in  Jackets. 


Trial  Number. 

100 

83;  102 

a 

N  Jackets  Not  in  use;  J  both  Jackets  in  use ; 

Absolute  Boiler  Pressure  in  lbs.  per  square  inch    lbs. 

Ratio  of  Expansion  (actual) 

Steam  per  min.  in  High-p.  cylinder  at  cut- 
from  diagrams,  100  revs,  per  min.                         lbs. 

Steam  per  min.  in  High-p.  cylinder  at  cut-off, 
from  diagrams,  actual  speed                                   bs. 

Steam  and  water  through  cyl.  per  min.,  measured    lbs. 

Steam  condensed  in  High-p.  cylinder  up  to  cut- 
off per  minute                                                         lbs. 

Eevolutions  per  minute                                             revs. 

Indicated  liorse-power                                            I.H.P. 

Steam  and  water  thro.  cyl.  per  I.H.P.  per  hour       lbs. 

Feed-water  per  I.H.P.  per  hour,  total                       lbs. 
„           percentage  less  with  steam  in  jackets 

N 
,39-4 
3-23 

2-59 

2-49 
4-83 

2-34 

96-1 

7-25 

40-00 

41-60 

J 

48-3 
3-56 

3-14 

3-02 
4-52 

1-50 

96-2 

9-74 
27-85 
31-75 
23-7  p.c. 

b 
c 

d 

e 
f 

9 
h 
i 

{ 

I 

Trap-Water, 

lbs.  per  I.H.P. 

per  hour. 

High-pressure  Jacket                                  lbs. 
Low         „            „                                        lbs. 
Steam  Pipe                                                   lbs. 
Credited  to  Cylinder  walls                          lbs. 
Eadiation  and  Condensation  in  pipes        lbs. 
Priming  Water  from  separator                   lbs. 

0-96 

0-96 
0-69 

1-05 

}  '■"  { 

1-67 
1-85 

m 

n 

0 

P 

q. 

r 

Steam  through  cylinder  per  I.H.P.  per  hour, 
calculated  from  discharge                                       lbs. 

Eatio  of  steam  and  water  to  steam  in  High-p. 
cylinder  at  cut-off 

Water  in  Low-p.  cylinder  at  end  of  stroke                  lbs. 
„              „              „              „          caloiulated  lbs. 

Net  steam  and  water  to  engine  per  I.H.P.  per  hour  lbs. 

Percentage  of  Heat  not  accounted  for                      p.c. 

Eatio  of  total  trap-water  to  feed-water 

Duration  of  trial                                                      hoTirs 

33-99 

1-94 
6-01 
6-01 

40-00 
1-29 

0-039 
2 

25-38 

1-50 
2-47 
2-74 
29-50 
4-55 
0-124 
2;  2 

s 

t 

u 

V 
10 
X 

y 

z 
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Compound  Condensing  Engines  (continued^. 

(^continued  on  next  page)  TABLE  3-i. 
Comparative  results  of  Compound  Condensing  Steam-Engine  Trials 
WITH  and  WITHOUT  Steam  in  Jackets. 


a 

98 

54 

18 

38 

17 

44 

16 

19 

N 

J 

N 

J 

N 

J 

N 

J 

b 

59-6 

57-8 

77-4 

78-0 

76-5 

87-8 

80-0 

82-1 

c 

315 

4-53 

8-72 

8-87 

5-92 

5-72 

8-95 

11-10 

d 

4-12 

2-65 

1-79 

1-83 

2-78 

2-63 

1-90 

1  42 

e 

4-00 

2-68 

1-78 

1-79 

2-70 

2-61 

1-43 

1-41 

f 

6-35 

3-91 

4-68 

3-88 

5-92 

5-11 

4-63 

3-32 

g 

2-35 

1-23 

2-90 

2-09 

3-22 

2-50 

3-20 

1-91 

h 

97-0 

101-0 

99-1 

98-25 

97-35 

99-3 

75-3 

99-0 

i 

10-44 

9-33 

8-77 

9-23 

9-57 

11-81 

6-90 

8-45 

J 

36-48 

25-14 

32-03 

25-21 

37-16 

25-94 

40-33 

23-62 

k 

37-07 

28-04 

33-27 

28-66 

38-62 

29-38 

42-98 

27-86 

I 

— 

24-4  p.c. 

— 

13 -9  p.c. 

— 

23 -9  p.c. 

— 

35-2  p.c. 

m 

_ 

1-41 

_ 

1-41 



1-22 

_ 

1-44 

n 

0 

0-59 

}  -^  ( 

1-24 

}  ''■''  ( 

1-46 

}  2-22  1 

2-65 

}  2-80 

P 

— 

0-84 

— 

1-37 

— 

2-01 

— 

1-97 

9. 
r 

0-59 

2-06 

1-24 

2-08 

1-46 

1-43 

2-65 

2-27 

s 

32-00 

23-78 

28-39 

22-61 

30-41 

23-88 

34-90 

19-34 

t 

1-59 

1-46 

2-63 

2-17 

2-19 

1-96 

3-24 

2-35 

u 

4-48 

1-36 

3-64 

2-60 

6-75 

2-06 

5-43 

4-28 

V 

4-48 

1-64 

3-83 

2-90 

7-14 

2-31 

3-28 

4-47 

tv 

36-48 

25-98 

32-03 

26-58 

37-16 

27-95 

40-33 

25-59 

X 

1-71 

2-07 

1-34 

3-60 

1-80 

5-97 

2-78 

4-84 

y 

0-016 

0-103 

0-037 

0-120 

0-038 

0-117 

0-062 

0-138 

z 

2 

2 

2 

2 

2 

2 

2 

1-75 

3    K 
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Compound  Condensing  Engines  (continued^ 

TABLE  34  (^continued  from  preceding  page). 

Comparative  results  of  Compound  Condensing  Steam-Engine  Trials 
WITH  and  WITHOUT  Steam  in  Jackets. 


Trial  Number. 

73 

75 

a 

N  Jackets  Not  in  use ;  J  both  Jackets  in  use  ; 

Absolute  Boiler  Pressure  in  lbs.  per  square  inch      lbs. 

Ratio  of  Expansion  (actual) 

Steam   per  min.  in  High-p.  cylinder  at  cut-off, 
from  diagrams,  100  revs,  per  min.                           lbs. 

Steam  per  min.  in  High-p.  cylinder  at  cut-off, 
from  diagrams,  actual  speed                                     lbs. 

Steam  and  water  through  cyl.  per  min.,  measured    lbs. 

Steam  condensed  in  High-p.  cylinder  up  to  cut- 
off per  minute                                                             lbs. 

Revolutions  per  minute                                               revs. 

Indicated  horse-power                                              I.H.P. 

Steam  and  water  thro.  cyl.  per  I.H.P.  per  hour        lbs. 

Feed-water  per  I.H.P.  per  hour,  total                        lbs. 
„           percentage  less  with  steam  in  jackets 

N 
87-7 
3-00 

4-18 

4-00 
6-67 

2-67 

95-7 
13-21 
30-25 
30-90 

J 

85-0 
3-60 

3-64 

3-51 
5-80 

2-29 
96-3 
12-90 
26-98 
29-53 
4-4  p.c. 

b 
c 

d 

e 
f 

9 
h 
i 

i 

k 
I 

Trap-Water, 

lbs.  per  I.H.P. 

per  hour. 

High-pressure  Jacket                                   lbs. 
Low          „            „                                       lbs. 
Steam  Pipe                                                   lbs. 
Credited  to  Cylinder  walls                            lbs. 
Radiation  and  Condensation  in  pipes         lbs. 
Priming  Water  from  separator                    lbs. 

0-65 
0-65 

1  2-55 

0-76 
1-79 

m 
n 

0 

P 
1 
r 

Steam   through   cylinder  per  I.H.P.  per  hour, 
calculated  from  discharge                                        lbs. 

Ratio  of  steam  and  water  to  steam  in  High-p. 
cylinder  at  cut-off 

Water  in  Low-p.  cylinder  at  end  of  stroke                  lbs. 
„              „              „              „         calculated  lbs. 

Net  steam  and  water  to  engine  per  I.H.P.  per  hour  lbs. 

Pen-eiitage  uf  Heat  not  accounted  for                        p.c. 

Ratio  of  total  trap-water  to  feed-water 

Duration  of  trial                                                         hours 

27-84 

1-67 
2-41 
2-65 

30-25 
1-03 

0-021 
1-5 

24-46 

1-65 
2-53 

2-78 
27-74 

2-06 

0-086 

5 

8 

t 
U 

V 

w 

X 

y 

z 

Oct.  1889. 


VALUE    OP    STEAM-JACKET. 


745 


Compound  Condensing  Engines  (concluded'). 

(concluded  from  page  742)  TABLE  34. 
Comparative  results  of  Compound  Condensing  Steam-Eugine  Trials 
WITH  and  WITHOUT  Steam  in  JacJcets. 


a 

35 

50 

62 

39 

80 

91 

99 

103; 105 

105 

N 

J 

N 

J 

N 

J 

N 

J 

J 

h 

89-7 

87-7 

89-3 

88-3 

94-6 

94-0 

95-0 

94-6 

95-0 

c 

8-79 

8-45 

6-64 

6-41 

8-25 

8-43 

8-62 

7-59 

7-77 

d 

2-00 

2-16 

2-76 

2-66 

2-40 

2-46 

2-10 

2-46 

2-47 

e 

1-91 

2-07 

2-72 

2-65 

2-32 

2-39 

2-00 

2-40 

2-40 

f 

5-54 

4-75 

6-06 

4-50 

6-29 

4-24 

5-47 

517 

5-03 

<J 

3-63 

2-68 

3-34 

1-85 

3-97 

1-85 

3-47 

2-77 

2-63 

h 

95-5 

96-3 

98-75 

99-3 

97-0 

97-18 

961 

97-26 

97-15 

i 

9-29 

10-42 

10-28 

11-03 

10-37 

13-03 

10-05 

12-46 

12-75 

i 

35-78 

27-37 

35-37 

24-48 

36-37 

19-51 

32  -  66 

24-90 

23  68 

k 

36-70 

30-55 

36-60 

27-74 

38  00 

23-48 

34-20 

28-10 

26-90 

I 

— 

16-8  p.c. 

— 

24-2  p.c. 

— 

38-2  p.c. 

— 

17-8p.c. 

21-3  p.c. 

m 

1-36 

1-24 

1-34 

_ 

0-64 

0-52 

n 

0 

0-92 

}  ^M 

1-23 

}  2-02( 

1-63 

YA 

1-03 

1-02 
0-50 

0-97 
0-50 

P 



1-34 



1-52 

— 

1-18 

— 

0-91 

0-76 

q 

0-92 

1-84 

1-23 

1-74 

1-63 

2-00 

1-03 

1-25 

1-24 

r 

— 

— 

— 

— 

— 

0-77 

0-49 

1-03 

1-23 

s 

28-80 

22-92 

29-77 

23-50 

30-08 

19-78 

28-64 

20-18 

21-28 

t 

2-90 

2-30 

2-23 

1-70 

2-71 

1-77 

2-74 

2-15 

2-10 

u 

6-88 

4-45 

5-60 

0-74 

6-29 

0-49 

4-02 

4-21 

1-58 

V 

6-98 

4-89 

5-91 

0-84 

6-57 

0-12 

4-02 

4-21 

1-58 

10 

35-68 

28-71 

35-37 

25-76 

36-37 

20-70 

32-66 

25-81 

24-44 

X 

1  60 

4-20 

1-82 

4-30 

1-97 

2-19 

2-13 

1-60 

2-4 

y 

0-025 

0-104 

0-034 

0-117 

0-043 

0-168 

0-045 

0-076 

1  0-074 

2 

2 

5 

2 

2 

1-8 

2 

2 

7;7-5 

7-5 

3  K   2 
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MEMOIES. 


Thomas  Arthur  Bewlet,  son  of  Mr.  Thomas  Bewley,  J.P.,  of 
Eockville,  County  Dublin,  was  born  there  in  1844,  and  received 
his  education  first  at  a  private  school  at  Mountmellick,  Queen's 
County,  and  afterwards  at  Grove  House,  Tottenham,  London.  Being 
fond  of  scientific  pursuits,  he  attended  a  course  of  lectures  at  the 
Koyal  College  of  Science,  Dublin,  and  there  studied  analytical 
chemistry,  which  he  afterwards  utilized  at  the  large  sugar  refining 
establishment  that  his  father  was  building  at  Eingsend,  Dublin. 
From  about  the  age  of  seventeen  he  worked  for  some  years  under  his 
father  at  this  business,  until  about  1869,  when  his  father  put  him 
into  the  shipbuilding  business  of  Messrs,  Webb,  Walpole,  and 
Bewley,  with  his  brother,  Mr.  John  Bewley.  Thenceforth  he 
divided  his  time  between  the  sugar  refinery  and  the  shipbuilding 
yai'd,  until  in  1878  his  connection  with  the  former  ceased.  In  the 
shipbuilding  yard  he  undertook  the  management  of  the  engineering 
department.  Being  greatly  devoted  to  the  working  of  the  optical 
lantern,  and  finding  trouble  and  difficulty  in  preparing  and  storing 
gas,  he  was  led  to  construct  machinery  for  the  purpose  of 
compressing  it  at  his  works  for  his  own  use ;  succeeding  in 
this,  he  made  it  after  some  time  a  branch  of  his  business  to  supply 
cylinders  of  compressed  gas.  He  gave  lectures  and  entertainments 
in  a  thoroughly  unselfish  way  to  those  who  could  only  obtain 
such  opportunities  through  the  kindness  and  self-sacrifice  of  a 
man  like  himself.  On  the  afternoon  of  28th  January  1889  he 
was  preparing  for  a  lantern  entertainment,  and  was  last  seen 
walking  up  the  stairs  to  his  office  with  a  cylinder  of  compressed  gas 
under  his  arm.  A  few  minutes  afterwards  a  terrific  explosion 
occurred,  which  partially  wrecked  the  office  buildings ;  and  his  body 
was  found  fearfully  mutilated.  It  was  subsequently  proved  that, 
through  a  series  of  unfortunate  mistakes,  the  cylinder  had  been  filled 
not  with  oxygen  or  hydrogen   alone,  but  with  a  mixture  of  these 
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gases,  forming  a  violently  explosive  compound  ;  but  it  was  impossible 
to  ascertain  with  certainty  what  accident  had  caused  their  ignition, 
and  had  thus  terminated  his  life  at  the  age  of  forty-four.  He  was  a 
member  of  the  various  scientific  societies  in  Dublin,  such  as  the 
Eoyal  Dublin  Society,  Scientific  and  Microscopic  Clubs,  and  the 
Photographic  Society,  to  which  he  acted  as  treasurer.  He  became  a 
Member  of  this  Institution  in  1882,  and  was  also  a  member  of  the 
Society  of  Arts  in  London. 

William  Sutton  Bocquet,  son  of  Mr.  Francis  Bocquet  of 
Liverpool,  was  born  on  21st  November  1848  at  Fairfield  near 
Liverpool,  and  was  educated  at  the  Liverpool  College.  In  1865 
he  went  to  India  as  assistant  manager  on  a  tea  estate  in  Cachar ; 
but  owing  to  the  malarious  climate  prevailing  there  he  had  to  return 
to  England  in  less  than  a  year.  On  recovering  health  he  went 
again  to  India  at  the  end  of  1867,  and  commenced  his  career  on 
the  Sind  Punjab  and  Delhi  Eailway  under  his  brother,  Mr.  Eoscoe 
Bocquet,  at  that  time  locomotive  superintendent  of  the  line,  and 
successively  filled  the  posts  of  chief  di'aughtsman,  and  assistant  and 
district  locomotive  superintendent.  On  the  amalgamation  of  that 
railway  with  the  Indus  Valley  and  Punjab  Northern  State  lines  in 
1886,  he  was  appointed  by  government  as  district  locomotive 
superintendent ;  and  at  the  time  of  his  death  he  filled  the  responsible 
position  of  deputy  locomotive  superintendent  on  the  North  Western 
Eailway.  A  great  natural  gift  for  mechanics,  and  untiring  industry, 
coupled  with  an  intimate  acquaintance  with  the  habits  of  the  people 
and  the  conditions  pertaining  to  Upper  India,  rendered  him  a  most 
valuable  officer.  In  addition  to  his  official  duties,  he  interested 
himself  in  the  question  of  compressed  fodder.  In  a  country  where 
distances  are  so  enormous,  and  where  from  the  nature  of  the  climate 
supplies  must  mostly  accompany  an  army,  it  is  important  that  some 
simple  means  for  reducing  the  bulk  of  hay  and  grass  should  be 
easily  available;  and  he  had  devised  a  plan  which  gave  every 
prospect  of  complete  success,  when  his  untimely  death  from 
dysentery  took  place  at  Lahore  on  30th  March  1889,  at  the  age  of 
forty.     He  became  a  Member  of  this  Institution  in  1881. 
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William  Frederick  Dennis  was  born  at  Hythe,  in  Kent,  on 
24th  December  1844.  After  being  educated  at  New  Kingswood 
School,  near  Bath,  he  was  articled  to  Messrs.  Lloyds  Fosters  and  Co., 
of  Wednesbury,  where  he  spent  six  years,  passing  through  the 
various  shops  and  departments.  On  leaving,  he  was  employed  in 
connection  with  the  superintendence  of  the  erection  of  Willesden 
Junction  railway  station  ;  and  subsequently,  in  order  to  gain  a 
more  diversified  experience,  he  obtained  employment  with  Messrs. 
E.  and  C  Goldthorpe,  card-wire  manufacturers,  of  Cleckheaton.  In 
1869  he  went  to  London,  and  started  an  agency  in  the  city,  removing 
into  larger  premises  as  the  business  extended.  He  was  afterwards 
joined  in  partnership  by  his  brother,  Mr.  Arthur  Dennis,  and 
founded  the  firm  of  Messrs.  W.  F.  Dennis  and  Co.  As  a  business 
man  he  was  one  of  the  first  to  foresee  the  position  which  Germany 
was  likely  to  attain  as  a  commercial  and  manufacturing  country 
and  even  when  German  productions  were  comparatively  unknown  in 
England  he  paid  numerous  visits  to  the  manufacturing  centres  on 
the  continent,  and  carried  out  large  contracts  with  most  successful 
results.  As  an  engineer  he  invented  the  wire  netting  machine 
known  by  his  name,  by  means  of  which  wire  netting  is  manufactured 
on  a  novel  principle,  direct  from  bobbins  of  hard  bright  steel  wire, 
without  the  use  of  spools.  He  was  also  the  inventor  of  a  tubular 
telegraph  pole,  which  is  a  combination  of  wrought  and  cast  iron 
and  is  so  constructed  that  it  can  be  erected  with  great  facility.  He 
died  at  Eastbourne  of  heart  disease  on  10th  December  1889,  in  the 
forty-fifth  year  of  his  age.  He  became  a  Member  of  this  Institution 
in  1883. 

Edward  Fletcher  was  born  on  26th  April  1807,  on  the  Cleugh 
Brae  estate,  in  Eeedwater,  not  far  from  Otterburn,  Northumberland ; 
and  on  the  completion  of  his  school  education  was  ai^prenticed  in 
1825  to  George  Stephenson  at  his  works  in  Newcastle.  Just 
before  leaving  these  works  he  made  a  considerable  portion  of  the 
machinery  of  the  Eocket  locomotive,  and  was  sent  with  the 
engine  to  the  Killingworth  wagon  way.  He  was  also  with  the 
Eocket  when  it  made  its  famous  run,  prior  to  being  sent  to  the 
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Liverpool  and  Manchester  contest.  Altliougla  he  had  not  quite 
completed  his  apprenticeship,  it  was  nearly  settled  that  he  should  be 
sent  to  Carlisle  to  take  charge  of  a  saw-mill  for  cutting  the  sleepers 
for  the  Liverpool  and  Manchester  line ;  but  at  the  last  moment,  the 
proprietors  of  the  Canterbury  and  Whitstable  Eailway  being  anxious 
to  have  that  line  opened,  Mr.  Stephenson  sent  him  there.  The  line 
was  opened  and  worked  by  the  aid  of  two  stationary  engines  and 
by  horses.  Shortly  afterwards  the  horses  were  replaced  by  a 
locomotive,  and  the  railway  was  gradually  developed  and  extended. 
In  1837  he  was  actively  engaged  under  Mr,  Thomas  Cabry  in 
constructing  the  York  and  North  Midland  Eailway,  which  was 
opened  two  years  afterwards.  In  1845  he  became  locomotive 
superintendent  of  the  Newcastle  and  Darlington  Eailway;  and  when 
the  High-Level  Bridge  at  Newcastle  was  opened  by  the  Queen  in 
August  1859  he  had  charge  of  the  royal  train.  In  1858  at  the 
Newcastle  meeting  of  this  Institution  he  read  a  paper  on  the 
locomotive  engine  shed  and  turntables  at  Gateshead  station.  A 
prominent  feature  in  his  character  was  his  ability  to  manage  men, 
and  his  power  of  organisation  was  clearly  exemplified  during  the 
great  strike  of  engine-drivers  and  firemen  on  the  North  Eastern 
Eailway  in  1867.  The  presentation  made  to  him  by  the  directors 
for  his  services  at  that  time,  coupled  with  the  address  presented  to 
him  by  the  workmen  in  1872,  when  they  reviewed  the  various  ways 
in  which  he  had  shown  consideration  for  their  interests,  afi"ord 
abundant  proof  of  the  esteem  and  confidence  with  which  he  was 
regarded  by  both  employers  and  employed.  In  1882  he  retired, 
after  forty-seven  years  spent  in  the  service  of  the  North  Eastern 
Eailway.  He  was  a  Member  of  this  Institution  from  the 
commencement  in  1847.  His  death  occurred  after  a  short  illness  at 
his  residence,  Osborne  Avenue,  West  Jesmond,  Newcastle-on-Tyne, 
on  21st  December  1889,  in  the  eighty-third  year  of  his  age. 

James  Simpson,  the  eldest  son  of  the  late  Mr.  James  Simpson, 
Past-President  of  the  Institution  of  Civil  Engineers,  was  born  on 
10th  January  1829  at  Thames  Bank,  Chelsea,  the  residence  of  his 
father,  who  was  at  that  time  engineer  to  the  Chelsea  Water  Works. 
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He  was  educated  at  St.  Peter's  Collegiate  School,  Eaton  Square,  and 
at  Dr.  Lord's  private  school  at  Tooting.  In  1846  he  was  articled  to 
Messrs.  Burns  and  Bryce,  architects,  Edinburgh.  Returning  to 
London  in  1851,  he  joined  his  father,  who  was  at  that  time  engaged 
in  an  extensive  practice  as  a  civil  engineer,  and  superintended  for 
him  the  erection  of  several  important  works,  amongst  others  the 
construction  of  the  water  works  at  Carlisle,  and  the  extension  of  the 
Chelsea  Water  Works  to  Surbiton,  Surrey.  In  1857  he  joined  the 
firm  of  Messrs.  Simpson  and  Co.,  engineers,  Pimlico,  where  he  took 
a  leading  part  in  the  introduction  of  improved  pumping  machinery, 
especially  the  Woolf  compound  pumping  engines,  and  also  in  the 
construction  of  water  works  abroad.  For  the  past  few  years  failing 
health  prevented  his  taking  such  an  active  part  in  the  business, 
although  to  the  last  he  retained  a  lively  interest  in  all  matters 
connected  with  engineering.  He  died  on  11th  May  1889,  at  the  age 
of  sixty,  and  was  buried  at  Brompton  Cemetery.  He  became  a 
Member  of  this  Institution  in  1878. 

George  Wilson  Stevenson  was  born  at  Derby  on  10th  April 
1825.  At  the  age  of  seventeen  he  became  a  pupil  of  Mr.  Hawksley 
at  Nottingham,  and  remained  with  him  until  the  exjjiration  of  his 
articles.  In  1847  he  went  to  the  United  States,  but  returned  to 
Eoglaud  within  two  years.  He  was  soon  appointed  surveyor  to  the 
local  board  of  Loughborough,  from  which  he  retired  to  enter  into 
partnership  with  Mr.  William  Lee,  an  inspector  under  the  Public 
Health  Act.  During  this  partnership  he  carried  out  several 
sewerage  and  water  schemes.  In  1856  he  received  the  appointment 
of  borough  engineer  to  the  corporation  of  Halifax,  where  he  had 
almost  at  once  to  advise  in  reference  to  the  purchase  of  the  gas 
undertaking.  The  parliamentary  contest  was  keen,  and  under 
severe  cross-examination  he  at  once  proved  himself  an  expert 
witness.  The  gas  works,  which  were  on  the  side  of  a  steep  hill, 
had  to  be  entirely  rebuilt ;  and  great  skill  was  shown  in  constructing 
the  buildings  upon  the  slope,  so  that  the  coal  was  brought  in  at  the 
highest  point,  and  the  coke  taken  out  at  the  lowest,  with  a  minimum  ( 

of  handling.     Throughout  the  ten  years  of  his  residence  in  Halifax 
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he  was  largely  consulted  in  reference  to  gas  and  water  undertakings, 
until  he  was  compelled  by  increase  of  business  to  remove  to  London 
in  1866  ;  since  which  date  until  within  a  year  of  his  death  he  was 
in  constant  practice  as  a  consulting  engineer  for  gas,  water,  and 
sewerage  works.  In  1879  he  published  a  book  on  "  Precedents  in 
Private  Bill  Legislation  affecting  Gas  and  Water  Undertakings." 
He  designed  new  gas  works  for  Westbromwich,  Scarborough, 
Colchester,  Peterborough,  and  several  other  places ;  and  altogether 
carried  out  either  in  their  entirety  or  partially  some  sixty  works 
for  gas,  water,  or  sewerage.  His  death  took  place  on  23rd 
October  1889  at  the  age  of  sixty-four.  He  became  a  Member  of 
this  Institution  in  1878. 

William  Steoudley  was  born  at  Oxford  in  1833,  and  as  a  boy 
began  work  there  in  a  paper  mill,  and  afterwards  entered  a  printing 
works.  Thence  he  went  to  a  fire-engine  manufactory  in  Birmingham, 
where  subsequently  the  foundation  of  his  mechanical  training  was 
laid  in  the  engine  works  of  Mr.  John  Inshaw.  He  next  entered  the 
locomotive  works  of  the  Great  Western  Eailway  at  Swindon,  under 
Sir  Daniel  Gooch,  then  locomotive  superintendent,  and  some  time 
afterwards  went  to  those  of  the  Great  Northern  Eailway  at 
Peterborough.  Here  at  twenty-two  years  of  age  he  was  foreman  of 
fitters  and  running  shed,  under  Mr.  Charles  Sacre.  In  1861  at  the 
age  of  twenty-eight  he  became  principal  foreman  of  the  Edinburgh 
and  Glasgow  Eailway  locomotive  works  at  Cowlairs,  Glasgow. 
Here  he  built  his  first  locomotive,  which  showed  so  many 
marked  improvements  that  its  appearance  and  early  performances 
attracted  general  attention.  In  1865  he  was  appointed  locomotive 
superintendent  of  the  Highland  Eailway  at  Inverness,  where  he 
designed  the  rolling  stock  for  conducting  the  traffic  under  the  very 
varying  conditions  of  that  line.  Here  he  introduced  the  ramps  known 
by  his  name,  for  getting  an  engine  or  carriage  on  the  rails  again 
after  running  off ;  and  he  also  devised  a  snow^-plough,  which  proved 
of  great  service  in  dealing  with  the  winter  traffic  in  the  north.  In 
1870  he  became  locomotive  superintendent  of  the  London  Brighton 
and  South  Coast  Eailway,  and  directed  his  first  efforts  to  designing 
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and  erecting  the  present  locomotive  works  at  Brigliton  and  tlie 
running  sheds,  so  as  to  be  able  not  only  to  execute  repairs,  but 
also  to  build  all  the  new  engines  and  rolling  stock  required. 
Ho  next  proceeded  to  re-model  the  rolling  stock,  so  as  better  to  suit 
the  traffic,  by  reducing  the  dead  weight  and  increasing  the 
carrying  capacity.  His  first  Brighton  engine,  the  "  Sussex  "  express, 
was  followed  by  others  embodying  successively  all  the  improvements 
he  could  devise ;  and  at  the  Paris  Exhibition  in  1878  his 
"  Terrier  "  tank  engine,  the  "  Brighton,"  was  rewarded  with  the  gold 
medal.  His  constant  aim  was  so  to  design  all  the  engines  that  their 
most  important  parts  should  be  interchangeable,  in  order  thereby  not 
only  to  minimise  labour,  but  also,  by  keeping  these  various  parts 
always  in  stock,  to  obviate  as  far  as  possible  the  delays  consequent 
upon  unavoidable  emergencies.  The  economical  working  of  his 
engines  both  as  regards  coal  consumption  and  cost  of  repairs  was  a 
marked  feature,  and  proved  of  great  benefit  to  the  Brighton  Eailway, 
to  which,  owing  to  its  distance  from  the  producing  districts,  the 
question  of  cost  of  materials  is  a  serious  one.  He  also  introduced 
the  electric  lighting  arrangement  in  the  Brighton  Eailway  trains. 
The  present  fleet  of  steamers  running  between  Newhaven  and 
Dieppe  was  under  his  charge ;  and  the  latest  additions  to  that  fleet, 
notably  the  "  Paris  "  and  "  Eouen  "  passenger  ships,  were  built  and 
engined  from  his  designs.  On  7th  December  1889  he  went  to  Paris, 
to  take  part  in  a  series  of  trials  between  his  latest  engine,  the 
"  Edward  Blount,"  which  gained  a  gold  medal  at  this  year's  Paris 
Exhibition,  and  the  locomotives  exhibited  by  some  other  English  and 
French  railways.  In  the  course  of  these  tests,  while  riding  on  his 
engine,  he  caught  a  chill,  resulting  in  congestion  of  the  lungs,  from 
which  he  died  in  Paris  on  20th  December,  at  the  age  of  fifty-six. 
He  became  a  Member  of  this  Institution  in  1865. 


Edward  "Walter  Nealor  Wood  was  born  in  London  on 
11th  January  1856,  being  the  only  son  of  Mr.  John  Turtle  Wood, 
the  discoverer  of  the  Temple  of  Diana  at  Ephesus.  He  was 
educated  at  Eossall  and  Finchley,  and  on  leaving  school  was  articled 
to  Mr.  William  Baker,  chief  engineer  of  the  London  and  North 
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Western  Railway.  During  his  pupilage  lie  was  for  a  time  assistant 
to  Mr.  Louis  Trencb,  resident  engineer  on  the  Newry  and  Greenore 
Eailway ;  and  subsequently  had  charge  of  the  boring  operations  at 
Holyhead  for  the  improvement  of  the  old  doclis.  On  the  completion 
of  his  pupilage  in  1876  he  was  appointed  assistant  resident  engineer 
on  the  Holyhead  Harbour  works,  and  afterwards  on  the  Bangor  and 
Bethesda  Eailway.  Resigning  this  post  in  1882,  he  was  engaged  in 
parliamentary  and  other  work  till  1884,  when  he  was  appointed 
resident  engineer  at  Sholapur  on  the  Great  Indian  Peninsula 
Railway  ixnder  a  three  years'  engagement.  Returning  to  London  in 
February  1888,  in  the  following  December  he  was  appointed  resident 
engineer  on  a  railway  being  constructed  near  Huelva  in  the  south  of 
Spain,  in  connection  with  the  Cabezas  del  Pasto  Mine.  There  he 
died  on  30th  August  1889,  in  the  thirty-fourth  year  of  his  age.  He 
became  a  Graduate  of  this  Institution  in  1879. 


754 


1889. 


INDEX. 


1889. 


Accounts  for  year  1888,  5, 10-13. 

Adamson,  D.,  Eemarks  on  additions  to  By-laws,  32  : — on  Petroleum  Fuel  in 
Locomotives,  76. — Seconded  vote  of  thanks  to  President  for  Address, 
232. — Kemarks  on  Marine-Engine  Trials,  269  : — on  Warp  Weaving,  494. 

Adamson,  T.  a.,  Kemarks  on  Koller  Flour  Milling,  183. 

Address  op  Peesident,  diaries  Cochrane,  Esq.,  208. — Study  of  steam  engine, 
and  importance  of  research  now  being  carried  out  by  Institution,  208. — 
Neglect  of  economy  in  land  engines  and  boilers,  209. — Freer  exhaust  in 
non-compound  locomotives,  209. — Comparative  merits  of  compound  and 
non-compound  locomotives,  210. — Electrical  traction,  210. — Endless-rope 
traction  for  tramways,  211. — Cheaper  inland  transport,  211 ;  development 
of  waterways,  211 ;  means  of  propulsion,  211 ;  water-transport  in  other 
European  countries,  212. — Canals  immediately  needed  in  England,  212  ; 
government  aid  for  construction,  as  in  India  and  elsewhere,  213. — 
Engineering  progress  in  Mexico  and  elsewhere,  214. — Forth  bridge,  215. — 
Eiftel  tower,  215. — Lick  observatory,  216. — Transport  of  ships  by  railway 
in  Nova  Scotia,  216. — Development  of  power  machinery,  216 ;  hydraulic 
riveting  at  Forth  bridge,  217 ;  dispensing  with  accumulators,  217. — 
Triple-expansion  marine  engines,  218. — Steering  by  steam  power,  218. — 
Self-recording  sounding  apparatus,  219. — Mechanical  improvements  in 
railway  working,  219. — Sanitary  arrangements  of  towns  and  houses,  220  ; 
sewerage  of  Lincoln,  Eastbourne,  and  Bournemouth,  220. — Imperfections 
of  London  drainage  system,  221. — Kiver  pollution  at  New  York,  221  ; 
perfect  drainage  of  Pullman  near  Chicago,  221 ;  hydro-pneumatic  drainage 
at  Houses  of  Parliament,  222. — W^aste  of  coal  in  open  fire-grates,  223 ; 
smoke  and  dust  in  atmosphere,  223. — Water-supply  of  large  towns,  224. — 
Water  purification  by  spongy  iron,  224. — Economies  in  blast-furnace 
practice,  225. — Progress  in  iron  manufacture  since  1786,  225. — Early 
boring  of  cylinders,  226. — Pig  iron  for  large  and  small  castings,  227. — 
Proviug  cast-iron  pipes,  227. — Aluminium  in  alloy  with  iron,  227. — 
Superfluous  conditions  in  specifications,  228. — Testing  of  iron,  228. — 
Deterioration  of  wrought-iron  by  rain  water,  229. — Decay  of  wooden 
spears  in  pumping  shaft,  229. — Desirable  improvement  in  patent  system, 
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230. — Conversion  of  arable  land  into  pasture,  231. — Mechanical  engineering 

and  legislation,  231. 

Carbutt,    E.    H.,   Vote    of   thanks  to  President    for    Address,    232; 

development  of  Mexico,  232 ;  government  aid  for  canals,  232 ;  scope  for 

railway  and  sanitary  engineering  work,  232. — Adamson,  D.,  Seconded 

vote  of  thanks,   232;   underground   rope  traction  for  tramcars,  233. — 

Cochrane,  C,  Reply  to  vote  of  thanks,  233. 
Addy,  G.,  elected  Member,  346. 
Agkicxjltuee,  Conversion  of  arable  land  into  pasture,  231.     See  Address  of 

President. 
Air,  Compeessed  ok  Exhausted,  for  power  supply,  Paris,  546,  552,  557. 
AiTKEN,  T.,  Remarks  on  Marine-Engine  Trials,  256. 
Aluminium  in  alloy  with  iron,  227.    See  Address  of  President. 
Andebson,  W.,  elected  Vice-President,  23. — Remarks  on  Marine-Engine  Trials, 

281 : — on  Drying  in  Vacuum,  325. 
Anitoal  Death-Rate  in  roll  of  Institution,  4. 
AN^^JAL  DiNNEB,  205. 
Annual  General  Meeting,  Business,  1. 
Annual  Report  op  Council,  3.    See  Council,  Annual  Report. 
Annual  Subscription,  Additions  to  By-laws  respecting  arrears,  29-33. 
Ansaloni,  a.,  Paper  on  the  Lifts  in  the  Eilfel  Tower,  350. 
Archer,  C.  F.,  elected  Member,  346. 
Architects'  Registration  Bill,  6-7,  22. 
Armer,  J.,  Remarks  on  Roller  Flour  Milling,  174. 
Arrears  of  Annual  Subscription,  Additions  to  By-laws,  29-33. 
AsHBY,  F.,  Remarks  on  Roller  Flour  Milling,  180. 
AsHEOED,  J.,  elected  Graduate,  585. 
Atkinson,  A.,  elected  Member,  584. 
Atkinson's  Gas  Engine,  529,  533. 
Auditor,  Appointment,  29. 
Autumn  Meeting,  Business,  583. 

Backman  Brake  for  Lifts,  362,  368.    See  Eiffel  Tower  Lifts. 

Baelz,  R.,  Remarks  on  Drying  in  Vacuum,  316,  322. 

Bag-Making  Machine,  Faper  on  a  Rotary  Machine  for  making  Block-bottomed 
Paper  Bags,  by  J.  Duerden,  631.— Bag-making  by  hand  and  by  machine, 
speed  of  production,  631.— Sizes  of  bags,  and  qualities  of  paper,  632. — 
Construction  and  working  of  machine,  033.— Regulation  of  sizes  of  bags 
by  alteration  in  speed,  634.— Blank  fold  at  bottom  of  bag,  635. 

DiscwssiOM. —Cochrane,  C,  Machine  at  Paris  Exhibition,  636.— Pearson, 
J.  T.,  Collection  of  specimens,  636.— Chapman,  H.,  Best  bag-making 
machine  yet  known,  636.— Cochrane,  C,  Enquired  actual  speed,  636. — 
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Cliapman,  H.,  Highest  speed,  and  commercial  speed,  G37. — Head,  J. 
Quality  of  paper  used,  637. — Marten,  E.  B.,  Oly'ect  of  notched  edges  ut 
ends  of  bags,  037. — Chapman,  H.,  Action  of  serrated  severing  cutter, 
637. — Kennedy,  A.  B.  W,,  Machine  admirably  contrived,  638. — Nursey> 
P.  F.,  Bags  made  of  soft  paper,  638. — Paget,  A.,  Opening  out  of  blank 
fold,  638. — Pearson,  J.  T.,  Range  of  quality  of  paper  used,  639 ;  serrated 
edges  at  ends  of  hags,  039  ;  thumb-notch,  and  blind  fold,  639. — Bibby, 
J.  T.,  Mode  of  ensuring  blind  fold  being  opened  out,  639 ;  speed  of 
■working,  639 ;  severing  of  bags  by  serrated  knife,  6i0 ;  segmental 
paster-block,  640. 

Baldwin  Gas  Engine,  527.    See  Gas  Engines. 

Banderali,  D.,  Remarks  on  Compound  Locomotives,  119,  121. 

Barber's  Gas  Engine,  500-501.     See  Gas  Engines. 

Barker's  Gas  Engine,  527,  534-5. ,  See  Gas  Engines. 

Barnett's  Gas  Engine,  501.     See  Gas  Engines. 

Baronetcy  conferred  on  Sir  F.  Bramwell,  22. 

Barr,  J.,  elected  Associate,  204. 

Barrow,  A.  R.  M.,  elected  Graduate,  204. 

Barsanti  and  Matteucci's  Gas  Engine,  502.     See  Gas  Engines. 

Batteries,  Primary,  548,  571. 

Ba-wden,  W.,  Memoir,  193. 

Bayford,  W.  J.,  elected  Member,  346. 

Beau  de  Rochas'  Gas  Engine,  503.    See  Gas  Engines. 

Beaumont,  W.  W.,  Remarks  on  Gas  Engines,  532,  533. 

Bell,  Sir  L.,  Bart.,  Remarks  on  Blast-Furnace  Practice,  605-618,  620,  627. 

Bewley,  T.  a.,  Memoir,  746. 

BiBBT,  J.  T.,  Remarks  on  Bag-Making  Machine,  639. 

Birckel,  J.  J.,  Remarks  on  Warp  Weaving,  495. 

BisscHOp's  Gas  Engine,  506.    See  Gas  Engines. 

Blast-Furnace  Economies,  225.     See  Address  of  President. 

Blast-Furnace  Practice,  Paper  on  the  results  of  Blast-Furuace  Practice  with 
Lime  instead  of  Limestone  as  Flux,  by  the  President,  Charles  Cochrane, 
Esq.,  589. — Ratio  of  carbonic  acid  to  carbonic  oxide  in  escaping  gases 
from  blast-furnace,  589. — Combustion  of  carbon  into  carbonic  oxide 
■wholly,  and  subsequent  formation  of  carbonic  acid  by  reduction  of  oxide 
of  iron,  590. — Theoretical  perfection  of  work,  and  loss  by  re-conversion  of 
carbonic  acid  into  carbonic  oxide,  591. — Two  sources  of  carbonic  acid 
■when  using  limestone  as  flux,  592. — Advantage  of  larger  capacity  of 
blast-furnace,  593. — Comparison  between  ■working  on  limestone  and  on 
lime  respectively  as  flux,  594;  tabulated  accounts  of  supply  and 
exj)enditure  of  heat  per  ton  of  pig-iron  made,  595-597. — Economy  when 
•working  on  lime,   598. — Calculation  of  mischief  done  in  red-hot  coke 


1889.  INDEX.  757 

region  by  carbonic  acid  of  reduction  and  by  carbonic  acid  from  flux,  598. 
— Two  sources  of  transfer  of  carbon  from  condition  of  carbonic  acid  to 
that  of  carbonic  oxide,  600. — Two  causes  of  diminution  in  carbonic  acid 
of  reduction  when  working  on  lime,  601 ;  comparison  in  this  respect 
between  working  on  limestone  and  on  lime,  602. — General  conclusions : 
diminished  consumption  of  air  and  increased  output  of  iron  when  working 
on  lime,  602. — Two  errors  in  former  paper :  omission  of  carbon  for  melting 
pig-iron,  and  over-estimate  of  loss  in  transfer  of  carbon  from  condition  of 
carbonic  acid  to  that  of  carbonic  oxide,  603. 

Discussion. — Bell,  Sir  L.,  Bart.,  Samples  of  escaping  gases,  605  ;  ratio  of 
carbonic  acid  to  carbonic  oxide,  605 ;  experiments  bearing  on  limit  of 
ratio,  606. — Coclirane,  C,  Limit  of  carbonic  acid  for  perfect  working,  609. 
— Bell,  Sir  L.,  Higher  limit  attained  than  shown  in  paper,  610 ;  effect  of 
hotter  blast,  610;  heat  supplied  into  blast-furnace  per  unit  of  coke  burnt, 
611 ;  substitution  of  lime  for  limestone  as  flux,  612  ;  appropriation  of  heat 
in  blast-furnace  per  ton  of  pig-iron,  613  ;  alleged  economy  of  coke  by  use 
of  lime,  615 ;  obstacles  to  perfect  reduction  of  oxide  of  iron  at  top  of 
furnace,  615  ;  weight  of  oxygen  and  carbon  in  blast-furnace  gases  at 
■difierent  depths  in  furnace,  616;  low  consumption  of  fuel  in  Styrian 
furnaces,  617 ;  heat  for  melting  pig-iron,  618 ;  reduction  of  blast  when 
working  on  lime,  618. — Richards,  E.  W.,  Eston  furnaces  drove  better  when 
working  on  lime,  619 ;  considerable  variation  in  proportion  of  carbonic 
acid  did  not  atfect  working,  619. — Martin,  E.  P.,  Difference  between  high 
and  low  blast-furnaces  using  lime,  620. — Evans,  D.,  Advantage  of  using 
lime  in  low  furnaces,  620. — Bell,  Sir  L.,  Benefit  from  using  lime  in  low 
furnaces,  620. — Cochrane,  C,  Experiments  not  bearing  upon  proper 
conditions  of  blast-furnace  working,  620;  working  compared  at  same 
temperature  of  blast,  621;  saving  by  use  of  caustic  lime,  622; 
disadvantages  in  working  on  lime,  622 ;  coke  consumed  with  limestone 
and  with  lime,  622 ;  perfect  reduction  in  upper  regions  of  furnace,  623 ; 
balance  in  favour  of  lime,  624 ;  dis.sociation  of  carbonic  oxide,  624 ; 
consumption  of  coke  for  melting  pig-iron,  625 ;  economy  of  working 
depends  upon  quality  of  ironstone,  626;  increased  make  of  pig-iron  by 
use  of  lime,  626. — Bell,  Sir  L.,  Calcination  of  ironstone,  and  heating 
power  of  coke,  627. — Cochrane,  C,  Practical  heating  power  of  coke,  627  ; 
approximate  agreement  between  Sir  L.  Bell's  coke  consumption  and  his 
own,  G28  ;  example  of  perfect  reduction  of  ironstone,  629. — Tomlinson,  J., 
Diversity  of  opinion  owing  to  size  of  blast-furnaces,  629. 

BocQTJET,  "W.  S.,  Memoir,  747. 

BoDMER,  G.  R.,  Remarks  on  Condensation  and  Re-evaporation,  692. 

BoEDDiNGHAUS,  J.,  Remarks  on  Warp  Weaving,  491. 

BoN  Marche  Electric  Lighting  and  Repairing  Shops,  Paris,  547,  566. 
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BoRKiKS  (von)  and  Worsdell  Compouud  Locomotives,  87.  See  Compound 
Locomotives. 

Bradley,  I.,  elected  Member,  203. 

Bramwell,  Sir  F.,  Bart.,  Baronetcy,  22. 

Brass-Melting  Fires,  5L    See  Petroleum  Fuel  in  Locomotives. 

Bkebner,  S.  G.,  elected  Member,  1. 

Breweries,  Apparatus  for  drying  wet  by-products  in  breweries  &c.,  307. 
See  Drying  in  Vacuum. 

Briggs,  C,  Jtjn.,  elected  Member,  203. 

Bright,  P.,  elected  Member,  34G. 

Brown,  A.,  Eemarks  on  Marine-Engine  Trials,  255. 

Brown,  A.  S.,  elected  Graduate,  585. 

Brown,  F.  A.  W.,  elected  Graduate,  2. 

Browning,  T.,  Eemarks  on  Drying  in  Vacuum,  322,  323. 

Bruce,  K.,  elected  Member,  584. 

BucHHOLZ  system  of  flour  milling,  164,  175. 

By-laws,  Additions  proposed  respecting  arrears  of  Annual  Subscription,  29-33. 
— Carbutt,  E.  H.,  Nature  of  proposed  additions,  30. — Gray,  J.  M.,  Moved 
amendment,  30. — Halpin,  D.,  Seconded  amendment,  31. — Kicbards,  E.  W., 
Supported  original  proposal,  31. — Adamson,  D.,  Supported  original 
proposal,  but  with  amendment,  32. — Paget,  A.,  Seconded  Mr.  Adamson's 
amendment,  33. — Carbutt,  E.  H.,  Mr.  Qriiy's  amendment  out  of  order,  33. 
— Proposed  additions  carried  with  amendment,  33. — Notice  of  motions, 
586-587. 


Calais  New  Harbour  Works,  549,  576. 

Calastreme,  J.  C,  elected  Graduate,  585. 

Callan,  W.,  elected  Member,  346. 

Canal  development  in  England,  211.     See  Address  of  President. 

Carbutt,  E.  H.,  Eemarks  on  Annual  Eeport  of  Council,  21 : — on  retiring  from 
office  of  President,  25. — Eeply  to  vote  of  thanks,  28. — Eemarks  on 
additions  to  By-laws,  30,  33  : — on  Petroleum  Fuel  in  Locomotives,  Qd,  72, 
73,  75,  76  :— on  EoUer  Flour  Milling,  168.— Proposed  vote  of  thanks  to 
President  for  Address,  232. — Eemarks  on  Marine-Engine  Trials,  256. 

Carr's  Disintegrator,  175. 

Carter,  J.  H.,  Eemarks  on  Eoller  Flour  Milling,  170. 

Castle,  F.  G.,  elected  Associate,  585. 

Challen,  "W.  B.,  elected  Graduate,  347. 

Chamberlain,  J.  G.,  elected  Associate,  585. 

Chapman,  H.,  Presentation  to,  as  Honorary  Secretary  for  Paris  Summer  Meeting, 
583.— Eemarks  on  Bag-Making  Machine,  636,  637. 

Clark,  T.  A.,  elected  Member,  203. 
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Olakke,  F.,  elected  Member,  1. 

Coal,  Measurement  at  sea  by  spring-balance,  237,  292.  See  Marine-Engine 
Trials. 

Cochrane,  C,  elected  President,  23. — Remarks  on  taking  oifice  as  President,  26 : 
—on  Compound  Locomotives,  121,  127,  136,  140,  146,  147  :— on  Roller 
Flour  Milling,  167,  173,  177,  178,  IBS.— Address  at  Spring  Meeting,  208 ; 
see  Address  of  President. — Reply  to  vote  of  thanks  for  Address,  233. — 
Remarks  on  Marine-Engine  Trials,  251,  257,  260,  292,  306  :— on  Drying 
in  Vacuum,  318,  319,  320,  323,  326,  330.— Reply  to  welcome  at  Summer 
Meeting,  Paris,  344.— Remarks  on  Eiffel  Tower  Lifts,  370,  371,  373,  374, 
378: — on  Regnault's  Steam  Experiments,  451,  462,  468: — on  Warp 
Weaving,  487,  495,  499 :— on  Gas  Engines,  525,  527,  532,  533,  535,  537, 
539,  540,  541. — Taper  on  the  results  of  Blast-Furnaee  Practice  with  Lime 
instead  of  Limestone  as  Flux,  589. — Remarks  on  ditto,  609,  620-629 : — 
on  Bag-Making  Machine,  636,  640  : — on  Condensation  and  Re-evaporation, 
676,  702. 

CoEY,  R.,  elected  Member,  346. 

CoLAM,  W.  N.,  elected  Member,  584. 

CoLYER,  F.,  Motion  for.  appointment  of  Auditor,  29. — Remarks  on  Roller  Flour 
Milling,  171 :— on  Drying  in  Vacuum,  317,  318,  319,  320. 

Common,  J.  F.  F.,  elected  Member,  346. 

Compound  Locomotives,  Paper  on  Compound  Locomotives,  by  R.  H.  Lapage, 
85. — Advantages  of  compounding,  85. — Description  of  the  Worsdell  and 
V.  Berries  plan  of  compounding  two-cylinder  locomotives,  86. — Intercepting 
and  starting  valve,  87 ;  automatic  closing  and  opening  of  intercepting 
valve,  88. — Cylinders,  90. — Slide-valves  and  valve-motion,  90  ;  dimensions 
of  valve-gear,  91. — Pistons,  92. — Boiler,  92;  inside  fire-box,  93;  tubes, 
smoke-box,  heating  surface,  and  grate-area,  94. — Steam  pressure,  94. — 
Steaming,  95. — Variable  blast-nozzle,  95. — Starting  arrangement,  95. — 
Receiver,  relief-valve,  96. — Trial  trips,  97. — Commercial  advantage  of 
compounding,  98 ;  economy  in  fuel,  98 ;  saving  in  weight  and  repairs, 
99. — Report  on  working  of  compound  locomotive,  101. — Table  1, 
Particulars  of  compound  goods  and  passenger  locomotives  at  work,  in 
construction,  and  ordered,  104-105. — Tables  2-12,  Actual  fuel  economy  in 
compound  engines  over  non-compound  on  various  English  and  foreign 
lines,  106-114.— Table  13,  Comparative  cost  of  repairs,  114.— Tables  14-16, 
Steam  distribution  in  different  compound  locomotives,  115-117. 

Discussion. — Johnson,  S.  W.,  Working  of  Webb  and  Worsdell  compounds, 
118  ;  saving  of  fuel  due  to  increase  of  boiler-pressure  and  higher  expansion, 
118;  advantages  and  disadvantages  of  Webb  compound,  119;  working  of 
heavy  fast  main-line  passenger  trains  on  Midland  Railway  with  ordinary 
locomotives,  119. — Banderali,  D.,   Compound  goods  engine  on  Northern 
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Bailway  of  France,  119;  effect  of  spark  arrester,  110;  economy  from 
compounding  existing  engines  -without  increasing  pressure,  120  ;  capacity 
of  receiver,  120;  compound  engines  on  Northern  Railway  of  France,  120; 
oiling  of  cylinders,  121 ;  arrangement  of  three-cylinder  engine,  121. — 
Schonheyder,  W.,  Avoidance  of  coupling-rods,  121 ;  objections  to  three- 
cylinder  compound,  and  diflSculty  in  starting,  122 ;  simpler  arrangement 
of  two-cylinder  compound,  122  ;  proportion  of  cylinders,  123 ;  mode  of 
combining  indicator  diagrams  from  compound  engines,  123. — Holden,  J., 
Compound  engines  on  Great  Eastern  Eailway,  124 ;  starting  on  a  rising 
gradient,  124  ;  economy  of  fuel,  124 ;  higher  pressure  necessary  in  compound 
engines,  125. — Paget,  A.,  Enquired  arrangement  for  starting,  125. — 
Holden,  J.,  Engines  fitted  with  Worsdell  and  v.  Borries  starting  valve, 
125. — McDonnell,  A.,  Wear  and  tear  of  compound  engines,  126;  use  of 
coupling-rods,  126;  other  means  of  economy  besides  compounding,  126; 
working  of  engines  under  variable  load  and  speed,  126  ;  greater  first  cost 
of  compound  system,  127. — Cochrane,  C,  Enquired  economy  from  higher 
pressures  in  simple  engines,  127. — IMcDonnell,  A.,  Saving  from  higher 
boiler-pressure  on  Great  Southern  and  Western  Eailway  of  Ireland,  127. — 
Mair,  J.  G.,  Heating  surface  and  grate  surface  in  compound  engine,  128  ; 
anomalous  evaporative  efficiency,  1 29. — Halpin,  D.,  Capacity  of  intermediate 
receiver,  129;  equalising  work  in  both  cylinders,  129;  blows  on  cranks 
and  crank-pins,  130 ;  relative  merits  of  two  or  three-cylinder  compound 
engines,  130 ;  loss  of  power  due  to  coupling-rods,  130 ;  losses  due  to 
throttling  and  back-pressure,  131 ;  no  necessity  for  intercepting  valves, 
132 ;  limit  to  diameter  of  cylinder,  132. — Worsdell,  T.  W.,  Economy  of 
fuel  with  higher  boiler-pressure  and  larger  cylinders  in  non-compound 
locomotives,  132  ;  effective  pressures  in  simple  and  compound  engines, 
and  initial  strain  on  working  parts,  133  ;  reasons  for  adoption  of  compound 
engine,  134 ;  introduction  of  intercepting  valve  for  starting,  134  ;  reasons 
for  keeping  to  two  cylinders  in  compound  locomotives,  136 ;  experience  of 
variable  work  on  North  Eastern  Eailway,  136 ;  economy  dependent  upon 
work  done,  136;  capacity  of  steam  reservoir,  137;  coupling-rods,  137; 
wire-drawing  shown  in  indicator  diagrams,  138;  intercepting  valve,  138; 
anomalous  evaporation  in  compound  engine,  139 ;  first  cost  of  arranging 
engine  on  compound  principle,  139  ;  coal  consumption  and  boiler  pressure 
in  compound  and  non-compound  engines,  140;  compound  tank  engines 
working  heavy  traffic  up  long  gradient,  140  ;  wear  and  tear  of  boiler  in 
compoimd  engines,  and  priming,  141 ;  balancing  of  two-cylinder  compound 
engine,  142 ;  consumption  of  fuel,  142 ;  effect  of  spark-arrester  on  blast, 
142. — Joy,  D.,  Use  of  higher  boiler-pressure,  143 ;  less  strain  upon 
parts  of  compound  engine,  143 ;  cut-off  with  Joy  \alve-gear,  ?44. — 
Gray,  J.  M.,  Compounding  enables  higLer  pressures!  to  be  used  without 


1889.  INDEX.  761 

increasing  the  stresses,  144 ;  relation  between  boiler  pressure  and  mean 
effective  pressure,  145. — Lapage,  E.  H.,  Higher  pressure  can  be  better 
utilised  in  compound  engine,  145;  spark  arrester,  145;  capacity  of 
receiver,  146 ;  leakage  through  intercepting  valve,  146 ;  advantage  from 
increasing  size  of  cylinders  for  existing  lower  pressures,  146  ;  position 
of  steam-chests,  147. 

Compressed- Air  Power  Supply,  Paris,  546,  552,  556. 

Condensation  and  Ke-evaporation,  Paper  on  Further  Experiments  on 
Condensation  and  Re-evaporatiou  of  Steam  in  a  Jacketed  Cylinder,  by 
Major  T.  English,  641. — Description  of  engine,  641 ;  clearance,  load, 
cylinders,  jackets,  boiler,  642 ;  surface-condenser,  weighing  of  feed-water 
and  condensed  water,  643. — Mode  of  conducting  trials,  643 ;  classification 
of  trials,  644 ;  measurement  and  calculation  of  indicator  diagrams,  645. — 
General  result,  646  ;  effect  of  clearance  surface,  646  ;  of  temperature,  647 ; 
of  density  of  steam,  648. — Formulae  for  initial  condensation  in  unjacketed 
and  in  jacketed  cylinders,  649 ;  re-evaporation,  649. — Calculation  of  steam 
used  per  stroke,  652. — Comparison  of  calculated  with  observed  results, 
654. — Comparison  of  Mr.  Willans's  observed  results  with  calculation,  655. 
— Three  ways  of  reducing  loss  from  condensation,  655 ;  by  increasing 
length  of  stroke,  655  ;  by  increasing  rate  of  revolution,  656  ;  by  reducing 
unjacketed  clearance  surface,  656.  —  Tabulated  results  of  trials  and 
comparisons  with  calculation,  658-675. 

Discussion. — Willans,  P.  W.,  Why  better  to  weigh  condensed  water,  676. 
— English,  Major  T.,  Discrepancies  in  feed- water,  676. — "Willans,  P.  W., 
Difference   between   measurements,   676. — English,  Major   T.,  Collected 
water,  677. — "Willans,  P.  W.,  No  loss  from  excess  of  condensation  over 
re-evaporation,   677;    proportion   of  cylinder    diameter   to   stroke,  679 
re-arrangement  of  results  of  trials,  680;   discrepancies  in  results,  681 
range  of  temperature,  681 ;  mode  of  putting  jackets  out  of  action,  682 
effect  of  density  of  steam,  683  ;  difficulty  of  constructing  general  formula 
684  ;  formula  for  initial  condensation,  684 ;  comparison  with  results,  685  ; 
condensation  apparently  independent  of  jacketing,  685 ;  admission  of  air 
during    exhaust,    686;    range  of   temperature,  686.  —  Cotterill,  J.   H., 
Eelation  of  condensation  to  density  of  steam,  686  ;  to  range  of  temperature, 
687 ;  to  speed  of  revolution,  688.— Kennedy,  A.  B.  "W.,  Measurement  of 
feed-water,  689 ;   range  of  temperature,  689 ;   comparison  of  calculated 
with  observed  results,  690  ;    division  of  cylinder  surface,  690  ;    tabular 
summary  of  trials,  691. — Gray,  J.  M.,  Influence  of  range  of  temperature 
on  initial  condensation,  691.— Bodmer,  G.  R.,  Temperatures  of  clearance 
surface  and  of  admission  steam,  692 ;  ranges  of  temperature  in  cylinders 
of    compound    engines,    693;     re-evaporation    during    admission,    694; 
economy    from    increased    compression,    694.  —  Cowper,    C.    E.,    High 
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consumption  of  water  per  horse-power  per  hour,  695. — Young,  G.  S., 
Steam  pressure  in  jacket,  695 ;  priming,  695 ;  use  of  steam  blast,  696. — 
Paget,  A.,  Research  Committee  on  value  of  steam-jacket,  696. — English, 
Major  T.,  Variation  in  internal  capacity  of  boiler,  696 ;  heat  due  to  work, 
697;  increased  length  of  cylinder,  697;  effect  of  superheating,  697; 
density  of  ssteam,  608 ;  additional  surface  exposed  during  stroke,  698  ; 
additional  clearance  space,  698;  differeuce  between  formuhc  for  jacketed 
and  unjacketed  cylinders,  698 ;  air  admission,  698 ;  initial  condensation  is 
practically  instantaneous,  699  ;  mean  temperature  of  cylinder,  699  ;  range 
of  temperature,  699  ;  agreement  between  observed  and  calculated  results, 
700  ;  ckarance  surface  and  stroke  surface,  701 ;  synopsis  of  results,  701 ; 
re-evaporation  during  admission,  701 ;  priming,  701 ;  pressure  in  jacket, 
702. —  Cochrane,  C,  Eange  of  temi^erature,  702. —  English,  Major  T., 
Consumption  of  coal  per  horse-power  per  hour,  702. — Cochrane,  C,  Value 
of  steam-jacket,  702. 

Cook,  G.  N.,  elected  Graduate,  347. 

Corn  Mills,  148.     See  Eollfr  Flour  Milling. 

CoTTERiLL,  J.  II.,  Remarks  on  Marine-Engine  Trials,  273  : — on  Condensation 
and  Ee-evaporation,  686. 

Council,  Annual  Eeport,  3. — Number  of  Members,  3. — Transferences,  deceases, 
3. — Annual  death-rate,  4. — Eesignations  &c.,  4,  5. — Financial  statement, 
5,  10-13. — Research,  5,  6. — Architects'  Eegistration  Bill,  6,  7. — Donations 
to  Library,  7,  14-20. — List  of  Meetings,  and  Papers,  7,  8. — Attendances  at 
Meetings,  8. — Summer  Meeting  1888,  8. — Honorary  Life  Membership,  9. 
Summer  Meeting  1889,  9. 

Discussion.— Carhntt,  E.  H.,  Commented  upon  Eeport,  21 ;  moved  its 
adoption,  23.— Motion  carried,  23. 

Council  for  1889,  v,  24,  25. — Election,  23. — Appointments,  203. — Retiring  list, 
and  nominations  for  1890,  585-586. 

CowPER,  C.  E.,  Eemarks  on  Condensation  and  Ee-evaporation,  695. 

Cribb,  F.  J.,  elected  Member,  584. 

Crompton,  E.  E.  B.,  Remarks  on  Eiffel  Tower  Lifts,  372,  373. 

Cullen,  W.  II.,  elected  Member,  316. 

Dalgarno,  J.  R.,  elected  Member,  584. 

Davey,  H.,  Remarks  on  Roller  Flour  Milling,  163,  183. 

Davidson,  J.,  Memoir,  332. 

Death-Eate,  Annual,  in  roll  of  Institution,  4. 

Decauville    Portable-Eailway    and    Eolling-Stock   Works,   Petit   Buurg, 

548,  573. 
De  Dax,  a..  Presentation  to,  584. 
Defkies,  W.,  elected  Member,  1. 
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Delamare-Deboctteville,  E.,  Paper  on  Gas  Engines,  with  description  of  tlie 
Simplex  Engine,  500.— Remarks  on  ditto,  537,  539,  540. 

Dennis,  W.  F.,  Memoir,  748. 

Disintegrator,  Carr's,  175. 

DoBSON,  B.  A.,  re-elected  Member  of  Council,  23.— Eemarks  on  Eiffel  Tower 
Lifts,  376  :— on  Warp  Weaving,  488. 

Dolby,  E.  E.,  elected  Member,  203. 

Donations  to  Library  in  1888,  7,  14-20. 

Douglass,  Sir  J.  N.,  elected  Vice-President,  23. — Vote  of  thanks  to  retiring 
President,  28. — Remarks  on  Eiflfel  Tower  Lifts,  375. 

Drainage  at  Bournemouth,  Eastbourne,  Lincoln,  London,  New  York,  Pullman, 
220-3.     See  Address  of  President. 

Drummond,  E.  O.  G.,  elected  Member,  203. 

Drying  in  Vacuum,  Paper  on  an  Apparatus  for  Drying  in  Vacuum,  by 
E.  Passburg,  307. — Wet  by-products  from  breweries,  distilleries,  &c., 
undergo  rapid  decomposition,  owing  to  quantity  of  water  contained, 
which  also  prohibits  their  distant  carriage,  307. — Importance  of  drying, 
307;  two  drawbacks  of  drying  machines  hitherto  employed,  308. — Three 
requirements  in  drying,  308. — High  cost  of  drying  by  slow  evaporation, 
309. — Quick  evaporation  by  boiling,  not  practicable  for  solids,  309. — 
Evaporation  in  vacuum,  310. — Description  of  apparatus  for  drying  in 
vacuum,  310;  mode  of  working,  311 ;  reasons  of  practical  success  and  of 
economy,  311 ;  extent  of  drying,  312. — Practical  applications  to  wet 
grains  and  malt,  312. — Air-pump  for  producing  vacuum,  313. — Machines 
at  Messrs.  Guinness's  brewery,  and  experience  of  working,  314. — Value 
of  malt  grains  before  and  after  drying,  314. — Drying  of  grain  damaged 
at  sea  or  harvested  wet,  315. 

Discussion. — Strohn,  W.,  Absence  of  author,  315. — Kennedy,  A.  B.  W., 
Creeping  action  for  travel  of  grain,  316. — Strohn,  W.,  Creeping  action  not 
required,  316. — Baelz,  E.,  Prices  of  wet  and  dried  grains,  coal  consumption, 
and  labour,  316. — Marten,  E.  B.,  What  previous  attempts  on  same 
principle,  317 ;  working  of  air-pump,  and  clogging  of  material  in  drying 
cylinder,  317. — Colyer,  F.,  Previous  plans  of  drying,  and  difBculty 
experienced,  317 ;  air-blast  with  heat  combined,  318  ;  drying  of  grains 
at  brewery  reduces  cost  of  carriage,  319. — Ellington,  E.  B.,  Enquired 
reasons  for  previous  plan  being  given  up,  319. — Cochrane,  C,  Large 
quantity  of  moisture  to  be  removed,  310. — Colyer,  F.,  Plan  not  so 
profitable  as  expected,  319. — Tomlinson,  J.,  Drying  in  vacuum  is  natural 
method,  319. — Cochrane,  C,  Enquired  mode  of  evaporation  in  previous 
attempts,  320. — Colyer,  F.,  Drying  by  heated  air  driven  through  material, 
320. — Halpin,  D.,  Efficiency  of  air-pump,  320 ;  leakage  of  tubes  in 
revolving  drum,   320. — Worssam,  H.   J.,   Objections   to    vacuum-drying 
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apparatus,  321 ;  price  of  dried  grains,  321 ;  corrosion  of  machine,  322. — 
Baelz,  R.,  Disposal  of  brewers'  grains,  322 ;  other  machines  for  drying, 
322. — Browning,  T.,  Drying-machines  now  successfully  at  work,  323. — 
Cochrane,  C,  Whether  by  means  of  vacuum,  323. — Browning,  T.,  Not  by 
vacuum  in  closed  chamber,  but  by  air  current,  323 ;  horizontal  travel  of 
grains,  323  ;  wear,  corrosion,  and  leakage  in  grain-drying  machines,  323  ; 
price  of  wet  grains,  324. — Fothorgill,  J.  E.,  Corrosion  of  tubes,  324. — 
Paget,  A.,  Previous  drying  processes  not  carried  on  in  vacuo,  324 ; 
horizontal  motion  of  grain  in  drying  cylinder,  324. — Mure,  A.  H.,  Value 
of  dry  and  wet  grains  to  cow-keepers,  324. — Tomlinson,  J.,  Not  pertinent 
to  drying  machine,  325. — Anderson,  W.,  Eoyal  Agricultural  Society's 
competitions  with  drying  macliines,  325 ;  abandonment  of  artificial 
drying,  325 ;  advantage  of  low  temperature  for  drying  in  vacuo,  326. — 
Harris,  W.  T.,  Drying  in  vacuo  seems  move  in  right  direction,  326. — 
Sevin,  C,  Price  of  grains,  dried  and  wet,  326. — Mower,  G.  A.,  Enquired 
effect  of  high  temperature  in  drying.  326  ;  grain-drying  in  other  countries, 
326. — Cochrane,  C,  "What  temperature  in  drying,  326. — Mower,  G.  A., 
Much  higher  temperature  used  without  detriment,  327  ;  timber  drying  in 
vacuum,  327;  wliat  cost  of  fuel,  labour,  and  repairs,  327. — Strohn,  "W., 
Price  of  wet  grains,  and  expenses  of  drying,  327  ;  advantages  of  drying  in 
vacuo  are  realised  only  with  a  high  vacuum,  328 ;  mode  of  preventing 
grains  from  sticking  to  heating  surfaces,  328 ;  high  vacuum  from  air-pump 
with  jet  condenser,  328 ;  no  leakage  of  tubes,  329 ;  cost  of  apparatus, 
price  of  dried  grains,  and  number  of  men  required,  329 ;  drying  of  sludge 
not  tried,  329 ;  corrosion  from  acid  in  grains,  330. — Cochrane,  C, 
Enquired  number  of  machines  in  use,  and  effect  of  high  temj^erature, 
330. — Strohn,  W.,  Machines  in  use,  330 ;  advantage  in  drying  grains  at 
low  temperature,  330. — Cochrane,  C,  Successful  application  of  drying  by 
evaporation  without  heated  air,  330. 

Ddebden,  J.,  Paper  on  a  Kotary  Machine  for  making  Block-bottomed  Paper 
Bags,  631. 

Ddst  Collector,  162,  174.     See  Roller  Flour  Milling. 

Eden  Theatre,  Paris,  Compressed-Air  Machinery,  546,  556. 

Edoux  Lift,  360.     See  Eiffel  Tower  Lifts. 

Edwards,  F.,  Remarks  on  Marine-Engine  Trials,  289,  292. 

Eiffel,  G.,  nominated  Honorary  Life  Member,  583. — Welcome  to  Members  at 
Summer  Meeting,  Paris,  343. — Remarks  on  Eiffel  Tower  Lifts,  365,  376. 

Eiffel  Tower,  Paris,  215,  350,  547,  561. 

Eiffel  Tower  Lifts,  Paper  on  the  Lifts  in  the  Eiffel  Tower,  by  A.  Ausaloni, 
350. — Four  inclined  lifts  from  ground  through  curved  legs  of  tower,  and 
one  vertical  central  lift  from  second  platform  up  to  third,  350  ;  speeds  and 
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capacities  of  lifts,  350. — Roux,  Combaluzier,  and  Lepape  Lifts,  351 
double  chain  of  jointed  rods  worked  by  chain  wheel  on  driving  shaft,  351 
water  pressure  from  reservoirs  on  second  platform,  352;  balance,  352 
cabins,  352  ;  water  distribution,  353  ;  safety,  353. — Otis  Lifts,  worked  by 
hydraulic  press  with  multiplying  pulleys  on  ram  and  with  counterbalance, 
354 ;  balance,  355  ;  cabins,  355  ;  water  distribution,  356 ;  safety,   358. — 
Edoux  Lift,  with  pair  of  cages   balancing  each   other,  360 ;  balance, 
361 ;   safety,   361 ;   Backman  brake,  362. — Pumps  for  water  supply  to 
reservoirs,   362. — Work  done  and  consumption  of  water,  363. — Engines 
and  boilers,  364. 

Discussion. — Eiffel,  G.,  Working  of  pumping  machinery,  365;  Roux 
Combaluzier  and  Lepape  lift  noisy  but  safe,  365;  Otis  lift  silent  and 
smooth  in  working,  366 ;  carrying  capacity,  366 ;  change  of  inclination, 
366 ;  Edoux  lift  smooth  in  working,  367 ;  deficiency  of  power,  367 ;  safety, 
368 ;  modification  in  brake,  368.— Hall,  W.  F.,  Capacity  of  Otis  lift,  369  ; 
change  of  inclination,  369  ;  testing  of  safety  apparatus,  370. — Cochrane,  C, 
Deficiency  in  pressure,  370.  —  Hall,  W.  F.,  Hydraulic  pressure  not 
supplemented  by  compressed  air,  370. — Cochrane,  C,  Safety  clutch  in 
Otis  lift,  and  change  of  inclination,  371. — Furman,  J.  R.,  Working  of  safety 
clutch,  371. — Halpin,  D.,  Testing  efficiency  of  safety  apparatus,  372. — 
Crompton,  R.  E.  B.,  Interference  of  water  currents,  372. — Paget,  A., 
Difierence  between  currents  of  water  and  of  electricity,  373. — Crompton, 
R.  E.  B.,  Explanation  not  applicable  to  electricity,  373. — Hall,  W.  F., 
Use  of  supply  pipe  as  rising  main,  373. — Cochrane,  C,  Open  and  closed 
storage  tanks,  373. — Hall,  W.  F.,  Ascending  pipe  serving  also  as 
descending  pipe,  374 ;  use  of  closed  storage  tanks,  374. — Schonheyder,  W., 
Ascending  main  serving  as  descending  main  in  water  supply  of  towns, 
374;  double  guide-rails  for  lifts,  374;  fuel  consumption  of  pumping 
engines,  375. — Furman,  J.  R.,  Objection  to  double  guide-rails  for  car,  375. 
— Douglass,  Sir  J.  N.,  Vibration  of  tower  under  wind  pressure,  375. — 
Dobson,  B.  A.,  Eftect  of  sun's  heat  on  perpendicularity  of  tower,  376, — 
Eiflel,  G.,  Oscillation  at  top  of  tower,  376 ;  seismograph,  377 ;  variation 
of  temperature,  377 ;  absence  of  electrical  phenomena,  377. 

Election,  Council,  23.— Members,  1,  203,  346,  584. 

Electric  Batteries,  Primary,  548,  571. 

Electric-Light  Works,  Paris,  547,  565,  566,  567,  569. 

Electric  Lighting  at  Grand  Opera  House,  Paris,  542,  569.    Palais    Royal, 
Paris,  548,  567. 

Elevators  for  Grain,  153,  169,  171.     See  Roller  Flour  Milling. 

Elevators  in  the  Eifiel  Tower,  350.    See  Eiffel  Tower  Lifts. 

Ellington.  E.  B.,  Remarks  on  Drying  in  Vacuum,  319. 

Ellis,  J.  S.,  elected  Graduate,  204. 
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Emett,  G.  H.  H.,  elected  Member,  584. 

Engine  Trials,  Marine,  235.     See  Marine-Engine  Trials. 

English,  Major  T.,  Remarks  on  Marine-Engine  Trials,  270. — Paper  on  Further 
Experiments  on  Condensation  and  Re-evaporation  of  Steam  in  a  Jacketed 
Cylinder,  641.— Remarks  on  ditto,  C7G,  G77,  682,  696-701,  702. 

Etches,  H.,  elected  Member,  1. 

Ether-Pressure  Theory,  Paper  on  the  Etlier-Pressuro  Theory  of  Thermo- 
dynamics applied  to  Steam,  by  J.  Macfarlane  Gray,  379.— Scope  of 
paper,  379.  —  Ether-pressure  believed  by  Newton  to  be  cause  of 
gravitation,  379. — Every  physical  plunomenon  is  immediate  result  of 
ether-pressure,  380. — Etliids  and  their  motions,  381. — Definition  of  meta 
and  other  terms,  382. — Gravitation,  382. — Ether  sub-pressure,  383  ;  solar, 
384;  terrestrial,  385,  — Chemical  affinity,  386.  —  Combustion,  386.— 
Radiant  heat,  387. — Cohesion,  388. — Latent  heat,  and  heat  of  segregation, 
388. — Energy  of  gas,  388. — Pressure  of  gas,  391. — Specific  heat  at 
constant  volume,  and  at  constant  pressure,  and  ratio  of  the  two  specific 
heats,  392 ;  recapitulation,  393. — Second  law  of  thermodynamics,  393 ; 
Carnot's  function,  394. — Simplification  of  thermodynamics,  394. 
Appendix. — Extracts  from  Nevyton's  works,  showing  how  the  conception 
■  of  a  gravitational  ether  originated  with  him,  and  in  what  state  he  left  the 
theory,  394-398. 

Evans,  D.,  Remarks  on  Blast-Furnace  Practice,  620. 

Evaporation  in  Vacuum,  307.     See  Drying  in  Vacuum. 

Excursions  at  Summer  Meeting,  Paris,  542. 

Exhibition,  Paris,  1889,  visited  at  Summer  Meeting,  542,  548. 

Explosions  in  flour  mills,  165,   166,   172,   180,   189,   190.    See  Roller  Flour 
•     Milling. 

Fawcett  Gas  Engine,  531,  535,  536,  537.    See  Gas  Engines. 

Feed-Water  Measurement,  238,  241,  258,  284,  291,  292,  296,  306.  See  Marine- 
Engine  Trials. 

Ferguson,  J.,  Remarks  on  Roller  Flour  Milling,  178. 

Fisher,  H.  B.,  elected  Member,  1. 

Fletcher,  E.,  Memoir,  748. 

Flour  Mill  and  Granary,  Rio  de  Janeiro,  151.     See  Roller  Flour  Milling. 

Flour  Milling,  Rcller,  148.     See  Roller  Flour  Milling. 

FoGERTY,  J.,  Remarks  on  Roller  Flour  Milling,  164,  166,  167. 

Forced  Draught  in  s.s.  "  Meteor,"  247,  248,  288,  290,  304.  See  Marine-Engine 
Trials. 

Forth  Bridge,  215,  217.    See  Address  of  President. 

Forward  Gas  Engine,  527,  534-5.     See  Gas  Engines. 

Foster,  E.  H.,  elected  Member,  346. 
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Foster,  H.  A.,  elected  Member,  204. 

FoTHERGiLL,  J.  R.,   Eemarks  on  Marine-Engine   Trials,  282,  289 : — on  Drying 

in  Vacuum,  324. 
Fbench  Railway  Works,  542,  548,  549,  569. 
Fuel,  Petroleum  Refuse  as  Fuel  in  Locomotive  Engines,  36.    See  Petroleum 

Fuel  in  Locomotives. 
Ftjeman,  J.  E.,  Remarks  on  Eiffel  Tower  Lifts,  371,  375. 
FuENACES.     Scrap-Welding,    49,    68,    73,    78,    82.       Brass-Melting,   51.      See 

Petroleum  Fuel  in  Locomotives. 

Gas  Engine  Works,  Paris,  542,  551. 

Gas  Engines,  Paper  on  Gas  Engines,  with  description  of  the  Simplex  Engine, 
by  E.  Delamare-Deboutteville,  500. — Historical  notice  of  previous  gas 
engines,  500;  Barber,  501;  Street,  501;  Barnett,  501;  Reynolds,  502; 
Shepherd,  502;  Barsanti  and  Matteucci,  502;  Degrand,  503;  Lenoir, 
503  ;  Beau  de  Rocbas,  503  ;  four  conditions,  504 ;  four-stroke  cycle,  505  ; 
Hugon,  505  ;  Otto  and  Langen,  505;  Bisschop,  506;  Otto,  506  ;  theory  of 
stratification  of  charge  in  three  layers,  506. — Ignition  in  Otto  engine  by 
slide-valve,  507 ;  in  Lenoir  by  insulator  and  interrupter,  509 ;  other 
methods,  510  ;  Funck's  ignition  by  red-hot  tube,  510. — Simplex  Engine, 
512. — Mode  of  ignition  by  electric  spark,  512.  —  Gas  mixing,  514. — 
Governing,  514;  air  governor,  515;  pendulum  governor,  516. — Various 
modes  of  starting,  517. — Working  with  petroleum  vapour,  519 ;  carburator, 
521. — Engine  trials,  521 ;  short  belt  for  driving  dynamo  by  gas  engine, 
522. — Tests  of  consumption,  523.  —Literature  on  gas  engines,  524. 

Discussion.  —  Gray,  J.  M.,  Driving  dynamo  with  gas  engine,  525; 
pendulum  governor,  525. — Cochrane,  C,  Compression  of  explosive  mixture, 
525  ;  ignition  by  electric  spark,  526. — Smith,  M.  H.,  Driving  dynamo  with 
gas  engine,  526;  ignition  by  electric  spark,  526;  Baldwin  engine,  527; 
source  of  electricity  in  Simplex  engine,  527  ;  governing  by  dual  control  in 
Forward  engine,  527 ;  steadiness  of  running  under  varying  load,  528. — 
Walker,  W.,  Electric  spark  for  ignition,  529. —Kennedy,  A.  B.  W., 
Comparison  of  other  gas  engines  with  Simplex,  529  ;  igniting  tube,  529 ; 
governing,  529  ;  indicator  diagram  with  delayed  ignition,  530 ;  Lenoir 
engine,  530. — Maw,  W.  H.,  Gas  engines  with  incandescent  tube  for 
ignition,  531.— Kapp,  G.,  Oscillating  dynamo  for  ignition,  531.— Shield, 
H.,  Use  of  igniting  tube,  531 ;  starting  of  engine,  532.  —  Beaumont, 
W.  W.,  Lenoir  engines  with  battery,  532 ;  advantages  of  igniting  tubes, 
533.— Cochrane,  C,  Variation  in  period  of  explosion,  533.— Beaumont, 
W.  W.,  Position  of  incandescent  part  of  tube,  533.- Head,  J.,  Mixture  of 
air  and  gas  in  dual  mode  of  governing,  534.— Smith,  M.  H.,  Proportion  of 
gas  and  air  kept  within  limit  of  explosiveuess,  531.— Head,  J.,  Waste  from 
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incomplete  explosiveness,  534. — Smith,  M.  H.,  Proportiou  can  be  altered 
within  given  range,  535. — Cochrane,  C,  Regulation  of  gas  and  air,  535. — 
Smith,  M.  H.,  Mixture  perfectly  explosive  through  certain  range,  535. — 
Kennedy,  A.  B.  W.,  Combustion  perfect  through  wide  range,  535. — 
Cochrane,  C,  Dilution  of  mixture  by  air  without  waste  of  gas,  535. — 
Shaw,  II.  S.  H.,  Economy  of  ignition  tubes,  53G. — Paget,  A.,  Duration  of 
tubes,  53G. — Shield,  H.,  Ignition  tubes  in  Fawcett  engine,  53G. — Cochrane, 
C,  Thickness  of  tubes,  537. — Shaw,  H.  S.  H.,  Particulars  of  tubes,  537. — 
Delamare-Deboutteville,  E.,  Electrical  ignition,  537 ;  use  of  slide-valve 
instead  of  mushroom  valve,  537 ;  incandescent  tubes,  538  ;  electric  battery 
and  dynamo  for  Simplex  engine,  538 ;  discharge  of  burnt  gases,  538  ; 
other  gas  engines,  539;  driving  dynamo  with  gas  engine,  539. — 
Cochrane,  C,  Delaying  of  ignition,  539. — Delamare-Deboutteville,  E., 
Economy  resulting  from  delayed  explosion,  539.  —  Cochrane,  C, 
Consequence  of  diminished  compression,  540. — Delamare-Deboutteville, 
E.,  Extent  of  compression,  540. — Cochrane,  C,  Earlier  ignition  with  less 
compression,  540. — Powell,  H.  C,  Advantage  of  over-compression  and 
delayed  explosion,  540. — Gray,  J.  M.,  Friction  through  dead  arc,  541. 

Gill,  F.  H.,  elected  Member,  204. 

GoLBT,  F.  W.,  elected  Associate,  2. 

GooLD,  W.  T.,  elected  Member,  204. 

GoTZ,  C.  J.  W.,  elected  Associate,  346. 

Governors  for  gas  engines,  514,  527,  534-5.     See  Gas  Engines. 

Grain  Bins,  153,  166,  167,  169,  170,  171,  173,  175,  184,  188.  See  Roller  Flour 
Milling. 

Grain  Drying,  307.     See  Drying  in  Vacuum. 

Grain  Elevators,  153,  169,  171.     See  Roller  Flour  Milling. 

Granary  and  Roller  Flour  Mill  at  Rio  de  Janeiro,  151.  See  Roller  Flour 
Milling. 

Grand  Opera  House,  Paris,  Electric  lighting,  542,  569. 

Gray,  J.  M.,  Remarks  on  additions  to  By-laws,  30  : — on  Compound  Locomotives, 
144  : — on  Marine-Engine  Trials,  265. — Paper  on  tlie  Ether-Pressure  Theory 
of  Thermodynamics  applied  to  Steam,  379. — Paper  on  the  Rationalization 
of  Regnault's  Experiments  on  Steam,  399. — Remarks  on  ditto,  462 : — on 
Gas  Engines,  525,  541  : — on  Condensation  and  Re-evaporation,  691. 

Gregory,  G.  F.,  elected  Associate,  346. 

Grice,  E.  J.,  Memoir,  333. 

Grimshaw,  J.  W.,  elected  Member,  1. 


Hall,  W.  F.,  Remarks  on  Eiffel  Tower  Lifts,  369,  370,  373,  374. 
Hall,  W.  S.,  Remarks  on  Petroleum  Fuel  in  Locomotives,  75. 
Hall-Brown,  E..  elected  Member,  346. 
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Halpin,  D.,  Remarks  on  additions  to  By-laws,  31 : — on  Compound  Locomotives, 

129  : — on  Marine-Engine  Trials,  295 : — on  Drying  in  Vacuum,  320  : — on 

Eiffel  Tower  Lifts,  871. 
Hampton,  W.  E.,  elected  Graduate,  2. 
Harbour  Works,  Calais,  549,  576. 
Harris,  W.  T.,  Remarks  on  Drying  in  Vacuum,  326. 
Harrison,  Lieut.  G.  H.,  elected  Graduate,  585. 
Haywaed,  R.  F.,  elected  Graduate,  585. 
Head,  J.,  Remarks  on  Regnault's    Steam  Experiments,   461,   462: — on   Gas 

Engines,  534  : — on  Bag-Making  Machine,  637. 
Heath,  G.  W.,  elected  Member,  584. 
Hill,  A.  R.,  elected  Member,  204. 
HiNDMARSH,  T.,  Memoir,  193. 
Hodgson,  G.  H.,  elected  Member,  584. 
Hoggins,  A.  F.,  elected  Member,  1. 
HoLDEN,   J.,   Remarks  on  Petroleum  Fuel  in  Locomotives,   70,   72,  73 : — on 

Compound  Locomotives,  124,  125. 
Holt,  W.  L.,  Memoir,  194. 
Honorary  Life  Membership,  9,  583. 
HopKiNSON,  Dr.  J.,  appointed  Member  of  Council,  203. 
HopwooD,  J.,  elected  Member,  346. 
Horsfield,  C,  elected  Member,  346. 
HosGOOD,  T.  W.,  elected  Graduate,  204. 
HosKEN,  A.  F.,  elected  Graduate,  585. 
HosKEN,  R.,  elected  Member,  346. 
Houghton,  T.  H.,  elected  Member,  584. 
Howard,  G.,  elected  Graduate,  585. 
Howard,  J.,  Memoir,  195. 
Hughes,  J.,  elected  Member,  346. 
Hugon's  Gas  Engine,  505.     See  Gas  Engines. 
Hungarian  Flour  Milling,  149.     See  Roller  Flour  Milling. 
Hunter,  C.  L.,  elected  Member,  584. 

Hydraulic  Lift  for  ships.  Nova  Scotia,  216.     See  Address  of  President. 
Hydraulic  Machinery,  Western  Railway,  Paris,  548,  569. 
Hydraulic  Riveting  at  Forth  Bridge,  217.    See  Address  of  President. 

Indicator  with  lubricated  piston,  289.     See  Marine-Engine  Trials. 

Indicator  Diagrams,  effect  of  long  pipes  to  indicator,  240,  283-4,  296-7,  305. 
See  Marine-Engine  Trials. 

Initial  Condensation  in  Steam  Cylinders.  See  Condensation  and  Re- 
evaporation. 

Institution  Dinners,  Annual,  205. — Summer,  543. 
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Ireland,  Flour  IMilling.    See  Roller  Flour  Milling. 

Ikon,   Deterioration   of    wrouglit-iron    by   rain   water,   229.      See  Address    of 

President. 
Irvine,  W.  C,  elected  Member,  346. 

Jacketed  and  Unjacketed  Cylinders.    See  Condensation  and  Re-evaporation. 

Jackson,  W.,  elected  Member,  584. 

James,  C.  W.,  elected  Member,  346. 

James,  R.  W.,  elected  Member,  584. 

Jeffreys,  E.  A.,  Memoir,  334. 

Jessop,  G.,  elected  Member,  584. 

Johnson,  S.  W.,  Remarks  on  Compound  Locomotives,  118. 

Joy,  B.  H.,  elected  Graduate,  204. 

Joy,  D.,  Remarks  on  Compound  Locomotives,  143. 

Joy  Valve-Gear,  91,  144.    See  Compound  Locomotives. 

Kanthaok,  R.,  elected  Member,  346. 

Kapp,  G.,  Remarks  on  Gas  Engines,  531. 

Kennedy,  A.  B.  W.,  Remarks  on  Petroleum  Fuel  in  Locomotives,  68. — Research 
Committee  on  Marine-Engine  Trials,  Report  upon  Trials  of  tie  s.s. 
"  Meteor,"  235.— Remarks  on  ditto,  251,  255,  258,  260,  300  :— on  Drying  in 
Vacuum,  316  : — on  Regnault's  Steam  Experiments,  457  : — on  Warp 
Weaving,  491 : — on  Gas  Engines,  529,  535  : — on  Bag-Making  Machine, 
638  : — on  Condensation  and  Re-evaporation,  689-691. 

KiMBEE,  E.,  Remarks  on  Petroleum  Fuel  in  Locomotives,  65. 

KiRBY,  F.  E.,  elected  jMember,  584. 

Knap,  C,  elected  Member,  204. 

Knighthood  conferred  on  Sir  J.  Tumey,  22. 

Knitting  and  Weaving  with  Warp  and  without  Weft,  469.  See  Warp 
Weaving. 

Knox,  J.,  elected  Member,  1. 

Lapage,   R.   H.,   Paper  on   Compound  Locftmotives,   85. — Remarks  on   ditto, 

145,  146. 
Leaf,  H.  M.,  elected  Member,  584. 
Legros,  L.  a.,  elected  Graduate,  347. 

Lenoir's  Gas  Engine,  500,  503,  509,  530,  532.     See  Gas  Engines. 
Library,  Donations  in  1888,  7,  14-20. 
Lick  Observatory,  21 6.     See  Address  of  President. 
Lift,  Hydbaclic,  for  ships,  Nova  Scotia,  216.     See  Address  of  President. 
Lifts  in  the  Eiflfel  Tower,  350.     See  Eiffel  Tower  Lifts. 
Lime  as  Flux  in  Blast-Furnaces,  589.    See  Blast-Furnace  Practice. 
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Liquid  Fcel,  36.     See  Petroleum  Fuel  in  Locomotives. 

List,  J.,  Eemarks  on  Marine-Engine  Trials,  267. 

LocKHAET,  W.  S.,  Remarks  on  Roller  Flour  Milling,  190. 

Locomotive  Works,  Paris  Lyons  and  Mediterranean  Railway,  Paris,  542,  549. 

Locomotives,  Compound,  85.     See  Compound  Locomotives. 

Locomotives,   Petroleum   Refuse   as   Fuel    in  Locomotive   Engines,  36.      See 

Petroleum  Fuel  in  Locomotives. 
Lubkication  with    Petroleum   Refuse,  52,   70,   75.      See  Petroleum   Fuel  iu 

Locomotives. 
LucT,  A.  J.,  elected  Member,  1. 
LuNDON,  R.,  elected  Member,  1. 

Macallan,  G.,  elected  Member,  1. 

Macdonald,  J.  A.,  elected  Member,  204. 

Machinery  Taxation,  587. 

MacLat,  a.,  elected  Member,  346. 

Magee,  W.  S.  T.,  elected  Member,  584. 

Mair,  J.  G.,  elected  Member  of  Council,  23. — Seconded  motion  for  appointment 
of  Auditor,  29. — Remarks  on  Compound  Locomotives,  128  : — on  Marine- 
Engine  Trials,  279. 

Malt  Drying,  307.    See  Drying  iu  Vacuum. 

Marine-Engine  Trials,  Research  Committee  on  Marine-Engine  Trials,  Report 
upon  Trials  of  the  s.s.  "  Meteor,"  by  A.  B.  W.  Kennedy,  Chairman,  235. 
— Description  of  steamer  and  engines,  235.  —  Boilers,  236. — Object  of 
trial,  237. — Coal  measurement,  and  chemical  analysis,  237. — Furnace 
gases,  238. — Feed-water  measurement,  238. — Power  measurement,  240. — 
General  conditions  and  results,  240. — Duration  of  trial,  240. — Quantity  of 
coal  used,  240 ;  analysis  of  furnace-gases,  241. — Temperature  and  weight 
of  feed-water,  241. — Speed,  242. — Mean  pressures  in  boilers,  jackets,  and 
receivers,  242. — Mean  effective  pressures  in  cylinders,  and  indicated  horse- 
powers, 243. — Boiler  efficiencies,  243 ;  engine  efiSciencies,  244 ;  total 
efficiency,  245. — Steam  accounted  for  by  indicator  diagrams,  245. — Two 
methods  of  combining  eipanded  indicator  diagrams,  246;  "dryness 
fraction,"  246.  —  Coal  consumption,  247.  —  Speed  of  vessel,  247.  — 
Supplementary  trial  of  engines  driven  at  full  power  with  forced  draught, 
247-248.  —  Trial  with  engines  reversed,  going  astern,  249. — Staff  of 
observers,  249. 

Discussion.  —  Cochrane,  C,  Names  of  Research  Committee,  251. — 
Kennedy,  A.  B.  W.,  Work  done  by  Committee,  251 ;  diameters  of 
cylinders,  251 ;  starting  and  ending  of  experiment,  251 ;  subsequent 
trial  on  "  Fusiyama,"  252 ;  intended  trial  on  "  Colchester,"  253  ;  two-fold 
object    of    trials,    253. — White,    W.    H.,    Importance    of    results,   253 ; 
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omissioDB  in  enquiry,  254  ;  feed-water  measurement,  25o ;  steam  used  in 
jackets,  255. — Brown,  A.,  Fuel  consumption  in  early  screw-steamers,  255 
— Carbutt,  E.  H.,  Satisfactory  nature  of  trials,  25C ;  means  of  obtaining 
more  perfect  experiments,  256. — Aitken,  T.,  Improvement  in  marine 
engines,  257. — Cochrane,  C,  Kate  of  transmission  of  heat  through  boiler 
plates,  257 ;  proportion  of  steam  accounted  for  by  indicator  diagrams, 
257.  —  Kennedy,  A.  B.  W.,  Arrangement  of  tanks  fur  feed-water 
measurements,  258 ;  rate  of  transmission  of  heat  through  boiler  plates, 
259 ;  measurements  of  steam  from  indicator  diagrams,  259. — Cochrane,  C, 
Effect  of  measuring  diagrams  at  later  period  of  stroke,  260. — Kennedy, 
A.  B.  W.,  Diagrams  not  measured  for  re-evaporation,  260. — Wiilans, 
P.  W.,  Jacket  water  not  measured,  260  ;  initial  condensation  large,  260  ; 
water  consumption  large,  261 ;  eflSciency  of  engines  and  boilers,  261 ; 
standard  of  efficiency  for  engines,  261  ;  formulae  for  efficiency,  263 ; 
higher  efficiency  of  "  Meteor "  engines,  263 ;  results  from  smaller 
engine,  264 ;  overlapping  in  ranges  of  cylinder  temperatures,  264 ; 
initial  condensation,  265 ;  limit  to  economy  in  large  engines,  265. — 
Gray,  J.  M.,  Duty  of  perfect  engine,  265 ;  real  efficiency  of  "  Meteor " 
engines,  266 ;  mean  range  of  temperature  must  he  taken  in  applying 
Carnot  function,  266-7. — List,  J.,  Value  of  information  respecting  water 
consumption  per  I.H.P.  at  sea,  267 ;  inability  to  measure  jacket-water, 
267 ;  jacket  pressures,  267 ;  value  of  steam-jackets  is  questioned,  268  ; 
jackets  should  be  automatic  in  steam  supply  and  in  draining,  268 ;  coal 
consumption,  268 ;  slide-valves  preferable  to  piston-valves  for  second  and 
third  cylinders,  269. — Adamson,  D.,  Triple  and  quadruple  engines,  269 ; 
moderate  efficiency  of  "Meteor"  engines,  269;  work  of  boiler,  269;  plan 
of  stoking,  270 ;  coal  analysis,  270 ;  indicator  diagram  from  high-pressure 
cylinder,  270  ;  range  of  temperature  and  expansion  in  cylinders,  271  ; 
jacketing  of  cylinders,  and  pressures  in  jackets,  271 ;  power  developed  in 
successive  cyUnders,  272  ;  trials  desirable  of  best  engines,  272  ;  advantage 
of  three  or  four  cylinders,  273 ;  importance  of  higher  velocity,  273. — 
Cotterill,  J.  H.,  Standard  of  perfection  for  condensing  and  non-condensing 
engines,  273  ;  losses  inherent  in  engine  determine  selection  of  standard, 
274 ;  liquefaction  in  cylinders,  274  ;  action  of  condensing  surface  dependent 
on  density  of  steam,  275  ;  method  of  combining  expanded  diagrams,  275. 
— English,  Major  T.,  [Indicator  diagrams  required  from  receivers,  276  ; 
calculations  simplified  by  treating  each  cylinder  separately,  276 ;  area  of 
initial  condensing  surfaces,  and  volumes  of  receivers,  276. — Unwin,  W.  C. 
Consumption  of  feed-water  not  excessive,  277 ;  comparison  between  two 
modes  of  combining  indicator  diagrams,  277-8;  dryness  fraction,  278. — 
Mair,  J.  G.,  Measurement  of  indicator  diagram  down  to  perfect  vacuum, 
279 ;    comparison   of    actual   steam   engine   with    Carnot's  perfect   heat- 
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engine,  279;  comparison  preferable  between  power  developed  and  heat 
used,  280 ;  absolute  efiScieney  of  "  Meteor "  engine,  280 ;  indicator 
diagrams  show  some  room  for  improvement,  280. — Anderson,  W.,  Scope 
of  trials,  281  ;  coal  analysis,  moisture,  ash,  and  clinker,  281 ;  heat 
for  feed-water,  281 ;  excess  of  air  supply  to  furnace,  282 ;  slide-valve 
preferable  to  piston-valve  for  low-pressure  cylinder,  282. — Fothergill, 
J.  E.,  Choice  of  engines  for  testing,  282 ;  ratio  of  cylinder  capacities  and 
powers,  and  ranges  of  temperature,  283;  method  of  indicating,  283; 
measurement  and  heating  of  feed-water,  284 ;  condition  of  boUers,  284 ; 
funnel  temperature  and  analysis  of  furnace  gases,  285 ;  coal  consumption, 
285. — Morison,  D.  B.,  DiiHculty  attending  marine-engine  trials,  286 ; 
accuracy  of  results  obtained,  286  ;  comparison  of  "  Meteor  "  engines  with 
cargo-boat  practice,  287 ;  suggested  trial  with  cargo  engine,  287 ;  feed- 
heating  arrangement,  287 ;  comparing  vacuum  in  cylinder  and  condenser, 
287;  advantage  of  independent  feed-pump,  287;  initial  loads  on  pistons, 
288  ;  high  coal  consumption  of  "  Meteor  "  boilers,  288  ;  long  fire-grates, 
288 ;  lubricated  piston  for  indicator,  289. — Fothergill,  J.  E.,  Use  of 
lubricated  indicator-piston,  289. — Edwards,  F.,  DiflSculties  met  with  in 
marine-engine  trials,  289 ;  sizes  of  cylinders  and  design  of  boilers  in 
''  Meteor,"  290 ;  feed-water  measurement,  290 ;  cut-off  in  indicator 
diagrams,  291 ;  twofold  conditions  for  working  of  engines,  292  ;  weighing 
of  coal  at  sea  with  spring-balance,  292 ;  measurement  of  water  tanks  in 
"  Fusiyama,"  292;  condition  of  boilers  in  "Meteor,"  292;  triple- 
expansion  engines  working  at  low  pressures,  293 ;  use  of  steam-jackets, 
293. — Wilson,  C.  J.,  Explanation  of  coal  analysis,  293 ;  calculation  of 
calorific  value,  294;  precautions  in  taking  samples  of  furnace  gas,  294. 
—  Halpin,  D.,  Trial  of  engines  of  "  Colchester,"  295 ;  inaccuracy  of 
experiments  sometimes  recorded,  295 ;  measiuement  of  feed-water  by 
meter,  296 ;  eflBciency  of  Worthington  pump,  296 ;  effect  of  long  pipes  to 
indicators,  296  ;  pressure  and  circulation  in  steam-jackets,  297;  advantage 
of  ribbed  jackets,  297 ;  efficiency  of  engines  and  boilers  of  "  Meteor," 
298  ;  mode  of  estimating  efficiency  of  boiler,  298 ;  rate  of  heat  transmission, 
299. — Kennedy,  A.  B.  W.,  Jacket-water  measurement,  300;  standard  of 
efficiency,  300;  Carnot  ratio  expresses  highest  possible  efficiency,  300; 
ideal  steam-engine  and  physical  difficulties,  301 ;  disagreement  between 
calculated  efficiencies  of  "Meteor"  engines,  302  ;  standard  of  comparison 
should  not  vary,  302 ;  Table  2,  possible  efficiencies  of  five  kinds  of 
engines,  calculated  according  to  two  methods,  302-3 ;  maximum  difference 
not  above  2  per  cent.,  304  ;  conditions  of  working  in  "  Meteor  "  engines, 
304;  management  of  fires,  304;  difficulty  in  getting  ship  to  test,  305; 
proper  position  of  indicators,  305 ;  heating  of  feed-water,  305 ;  volumes  of 
receivers,  305;  expanded  indicator  diagrams,  305;  calorific  value  of  coal, 
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306 ;  measurement  of  feed-water  by  meter,  30C. — Cochrane,  C,  Vote  of 

thanks  for  report,  306. 
Marshall,  F.  T.,  elected  Graduate,  585. 
Marshall,  H.  D.,  elected  Member  of  Council,  23. 
Marten,   E.   B.,  re-elected  Member  of  Council,   23.— Remarks  on  Drying   in 

Vacuum,  316  : — on  Bag-Making  Macliiue,  637. 
Martin,  E.  P.,  Remarks  on  Blast-Furnace  Practice,  620. 
Martin,  Hon.  J.,  elected  Member,  346. 
Maw,  W.  H.,  Remarks  on  Gas  Engines,  531. 
McConnochie,  J.,  Memoir,  335. 

McDonnell,  A.,  Remarks  on  Compound  Locomotives,  125,  127. 
McIntyre,  J.  H.  A.,  elected  Member,  346. 
McKinnel,  W.,  elected  Associate,  204. 
McLean,  R.  A.,  appointed  to  audit  Institution  accounts,  29. 
Meetings,  1S89,  Annual  General,  1. — Spring,  203. — Summer,  343. — Autumn, 

583. 
Memoirs  of  Members  recently  deceased,  193-201,  332-341,  746-753. 
"  Meteor,'"  Report  upon  Trials  of  the  s.s.  "  Meteor,"  235.     See  Marine-Engine 

Trials. 
Miles,  W.  H.,  elected  Associate,  347. 

Mill  and  Granary,  Rio  de  Janeiro,  151.     See  Roller  Flour  Milling. 
Miller,  A.,  elected  Member,  1. 

Milling,  Roller  Flour,  148.     See  Roller  Flour  Milling. 
Morgan,  D.  J.,  elected  Member,  584. 
MoKisoN,  D.  B.,  Remarks  on  Marine-Engine  Trials,  286. 
Mower,  G.  A.,  Remarks  on  Drying  in  Vacuum,  326,  327. 
MtJNSTER,  B.  A.,  elected  Member,  346. 
Mure,  A.  H.,  Remarks  on  Drying  in  Vacuum,  324. 

Nash,  T.,  elected  Member,  204. 
Nasmith,  J.,  elected  Associate,  347. 
Neate,  C,  Remarks  on  Roller  Flour  Milling,  172. 
Needham,  J.  E.,  elected  Member,  1. 
Newall,  R.  S.,  Memoir,  336. 

NuRSEY,   P.  F.,   Remarks  on   Roller    Flour    Milling,   174: — on   Bag-Making 
Machine,  638. 

Officers.     See  Council. 

Ogden,  F.,  elected  Member,  2. 

Opera  House,  Paris,  Electric  lighting,  542,  569. 

Otis  Lift,  354.     See  Eiffel  Tower  Lifts. 

Otto  and  Langen's  Atmospheric  Motor,  505.    See  Gas  Engines. 
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Otto's  Gas  Engine,  506.    See  Gas  Engines. 
Owen,  T.,  elected  Member,  346. 

Paget,  A.,  re-elected  Vice-President,  23.— Vote  of  thanks  to  retiring  President, 
26. — Kemarks  on  additions  to  By-laws,  33  : — on  ComiDound  Locomotives, 
125 :  —  on  Koller  Flour  Milling,  165  :  —  on  Drying  in  Vacuum, 
324. — Vote  of  thanks  to  President,  349. — Eemarks  on  Eiffel  Tower 
Lifts,  372: — on  Kegnault's  Steam  Experiments,  461. — Pcqoer  on  Warp 
Weaving  and  Knitting,  without  Weft,  469.— Kemarks  on  ditto,  486,  487, 
491,  496 :— on  Gas  Engines,  536  :— on  Bag-Making  Machine,  638  :— on 
Condensation  and  Ee-evaporation,  696. 

Paget,  E.  L.,  elected  Graduate,  347. 

Palais  Eoyal,  Paris,  Electric  installation,  548,  567. 

Paper  Bag-Making  Machine,  631.    See  Bag-Making  Machine. 

Paris  Exhibition,  1889,  visited  at  Summer  Meeting,  542,  548. 

Paris  Lyons  and  Mediterranean  Eailway  Locomotive  Works,  Parii^,  542, 
549. 

Paris  Sewers,  546,  559. 

Paris  Summer  Meeting,  343.  —  Reception,  343.  —  Business,  345. — Votes  of 
thanks,  348. — Excursions  &c.,  542. — Honorary  Life  Membership,  583. — 
Presentations,  583-584. 

Paris  Works,  visited  at  Summer  Meeting,  542,  546-576. 

Parby,  E.  H.,  elected  Member,  584. 

Paschinin  Boiler,  46.    See  Petroleum  Fuel  in  Locomotives. 

Passburg,  E.,  Paper  on  an  Apparatus  for  Drying  in  Vacuum,  307. 

Patent  System,  desirable  improvements,  230.     See  Address  of  President. 

Peacock,  Ealph  (Goole),  Memoir,  337. 

Peacock,  Eichard,  Decease,  203. — Memoir,  197. 

Pearson,  J.  T.,  Eemarks  on  Bag-Making  Machine,  636,  639. 

Petroleum  Fuel  in  Locomotives,  Supplementary  Paper  on  the  use  of 
Petroleum  Eefuse  as  Fuel  in  Locomotive  Engines,  by  T.  Urquhart, 
36.  —  Further  experience  since  previous  paper  in  1884,  and  extended 
use  of  petroleum  refuse  as  fuel,  36. — Spray  injector  for  passenger 
locomotives,  37. — Eegenerative  or  accumulative  combustion-chamber,  37. 
— Details  of  cost  of  altering  locomotives  for  petroleum  firing,  38. — 
Comparative  results  of  working  for  whole  year  with  coal  and  with 
petroleum  refuse,  in  ordinary  working  and  in  special  trials,  39-40. — Cost 
of  fuel,  and  entire  working  cost  of  locomotive  department  for  period  of 
thirteen  years,  41. — Comparative  consumption  of  fuel  on  Grazi  and 
Tsaritsin  Eailway  and  on  two  neighbouring  lines,  41.  —  Eflect  of 
petroleum  fuel  on  boilers,  42  ;  cost  of  repairs  during  thii'teen  years,  43. — 
Plating  up   of  fire-door   in   locomotive  boilers,  43.  —  Verderber  boiler, 

3    M 
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43-44  ;  modification  adopted,  45-46. — Pasclunin  boiler,  46. — Blower  for 
air  supply  to  furnace,  47. — Trial  of  compressed  air  for  spray  injector,  48 . 
— Evaporative  value  of  petroleum  fuel,  48. — Copper  tubes,  49. — Petroleum 
refuse  for  metallurgical  purposes,  49-52 ;  scrap-welding  furnaces,  49 ; 
brass-melting  fires,  51. — Use  of  petroleum  refuse  for  lubrication,  52 ; 
mode  of  testing  value  of  lubricating  oil,  52 ;  results,  53. — Equivalent 
Russian  and  English  measures,  54. — Tables  x-xvii,  55-64. 

Discussion. — Carbutt,  E.  H.,  Attention  commanded  by  author's  previous 
paper,  65. — Urquhart,  T.,  Increasing  adoption  of  petroleum  firing,  65  ; 
price  of  petroleum  refuse,  65. — Kimber,  E.,  Price  of  petroleum  refuse  and 
cost  of  transit,  66 ;  oil  production  at  Baku,  66  ;  importation  of  Russian 
burning  oil  into  London,  67 ;  plan  for  increasing  efiiciency  of  liquid  fuel 
by  admixture  with  hydrogen,  67  ;  successful  use  of  air  blast  in  scrap- 
welding  furnace,  68. — Kennedy,  A.   B.  W.,   Efficiency  already  reached 
leaves  little  room  for  further  economy,  68  ;  efficiency  actually  higher  than 
stated,  69 ;  use  of  crude  oil  for  lubrication,  70. — Holden,  J.,  Experience 
on  Great  Eastern  Railway  in  firing  boilers  with  liquid  fuel,  70  ;  alteration 
undesirable  in  locomotive  fire-box,  70  ;  necessity  for  accumulator  of  heat, 
71 ;  combined  use  of  liquid  and  solid  fuel,  71 ;  modified  construction  of 
injector,  72;    scrap-welding  furnace  at  Stratford  works,  73;    quality  of 
iron  obtained,  73. — Worsdell,  T.  W.,  Experiment  with  crude  petroleum 
gas  on  Pennsylvania  Railroad,  73 ;  suggested  improvement  in  modified 
Verderber  furnace,  74 ;  flashing  point  of  oil,  74 ;  relative  cost  of  petroleum 
and  coal,  74;  use  of  petroleum  on  steamboats,  74. — Hall,  W.  S.,  Petroff's 
method  of  testing  oil,  75 ;  use  of  petroleum  fuel  on  steamers,  75. — Carbutt, 
E.  H.,  Burning  of  petroleum  or  of  coal  is  question  mainly  of  cost,  75  ; 
regenerative    process    with    crude    gas    at    American    steel-works,    75 ; 
hindrances  to  use  of  petroleum  fuel  for  marine  boilers,  76. — Adamson,  D., 
Subject  deserves  further  consideration,  76. — Carbutt,  E.  H.,  Closing  of 
discussion,  76. — Urquhart,  T.,  Cost  of  petroleum  refuse,  77 ;   progress 
made  in  utilising  liquid  fuel,  77 ;  increased  efiiciency  by  working  crude 
gas  on  regenerative  principle,  78 ;  action  of  fire-brick  lining,  78  ;  details 
respecting  high  evaporative  efficiency,  79 ;  explanation  of  Table  xvii,  80  ; 
theoretical  evaporative  value  of  petroleum  refuse,  80 ;  Table  xviii,  ditto, 
81 ;  use  of  liquid  fuel  on  Great  Eastern  Railway,  80-82 ;  Verderber  fire- 
box, 82;    flashing   point   of  petroleum   refuse,   83;    price   of  coal,  83; 
use  of   liquid  fuel  in  steamers,  S3;  development  of  native  petroleum 
wealth,  84. 
Petroleum  Vapour  for  gas  engines,  519.    See  Gas  Engines. 
Pipes,  Proving  of  cast-iron  pipes,  227.    See  Address  of  President. 
Port  of  Calais,  549,  576. 
Portable-Railway  Works,  Dccauville,  548,  573. 
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Powell,  H.  C,  Remarks  on  Gas  Engines,  540. 

President's  Address,  208.    See  Address  of  President. 

Price,  J.  B.,  elected  Member,  204. 

Primary  Batteries,  548,  571. 

Pullman,  near  Chicago,  Drainage,  221.    See  Address  of  President. 

Railway  Works,  Paris,  542,  549.    Petit-Bourg  (Decauville),  548,  573. 

Rain  Water,  Deterioration  of  wrought-iron,  229.    See  Address  of  President. 

Ramsden,  Sir  J.,  appointed  Vice-President,  203. 

Ratcliffe,  J.  T.,  elected  Member,  204. 

Rating  of  Machi^eky,  587. 

Regnault's  Steam  Experijients,  Paper  on  the  Rationalization  of  Regnault's 
Experiments  on  Steam,  by  J.  Macfarlane  Gray,  399. — Two  thermodynamieal 
principles  deduced  from  Newton's  hypothesis,   399. — Definitions,  400; 
unit  of  heat  and  of  energy,  400  ;  common  (water)  unit  of  heat,  and  new 
(hydrogen)  unit,   401. — Specific    heat    of    water,  401 ;    discrepancy  in 
Regnault's  calculated  results,  401 ;  revision  of  ditto,  402-3.— Regnault's 
experimental  apparatus,  404. — Rowland's  experiments,  404. — Ideal  water, 
or  aquene,  405. — New  specific  heat  of  water,  405. — Ratio  of  the  two 
specific  heats,  at  constant  pressure  and  at  constant  volume,  406. — Ideal 
steam  or  gasene,  and  vapene,  408. — Regnault's  method  of  ascertaining 
specific  heat  of  superheated  steam,  408.  —Regnault's  specific  heat  of  steam 
re-stated,  409. — Heat  of  evaporation,  410. — Molecular  weight  of  water, 
411.  —  Theta-phi    (0(p)    or    temperature-entropy    diagram,    a    graphic 
representation  of  the  Carnot-Clausius  fundamental  principle,  411;  area 
shows  heat  units,  412 ;  co-ordinates  are  temperatm-e  9  and  entropy  (p, 
412. — Definition  of  graph,  413. — Thermodynamic  relations  exhibited  upon 
theta-phi  diagram,  413. — Theta-phi  diagram  for  water,  with  geometrical 
features  and  deductions  therefrom,  414. — Curves  for  aquene  and  water, 
415. — Splitting  heat,  or  energy  of  segregation,  416;  constitutional  heat, 
or  energy  of  gas  state,  416. — Explanation  of  persistent  relation  between 
temperature  and  pressure,   417. — Regnault's  steam  pressures  compared 
with  calculated  vapene  pressures,  418. — Critical  temperature  determining 
liquefaction,  419. — Point  of  complete  gasification  in  evaporation  is  point 
of  commencing  liquefaction  in  compression  at  constant  pressure,  420. — 
Example  of  an  ideal  diagram,  421. — Determination  of  gasene  curve,  425. — 
Change  of  volume  of  gas  at  constant  temperature,  426. — Gas  compression 
resolved  into  appression  and  collapse,  428. — Regnault's  total  heat  of 
saturated    steam    compared  with  new  formula,  433-5. — Pee-vee  (jp  v) 
diagram  of  work  (pressure  x  volume)  for  isothermal  expansion,  436. — 
Critical   condition  determining  liquefaction,  437. — Calculations  verified 
by  Regnault's  experiments,  438. — Alternative  method  of  ealculationj  438. 
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— Picssuro  of  stofim,  130. — Comparison  of  Regnault's  experimental  steam 
prossurcs  with  author's  theorotical  pressures,  bhowing  closer  agreement 
than  is  obtained  by  Eegnault's  most  accurate  formulte,  445. — Steam 
pressures  up  to  critical  temperature,  calculated  hy  d<p  formula,  447. — 
Thf^ta-phi  diagram  for  steam-engine  temperatures,  447.  —  Order  in 
which  change  of  heat  into  mechanical  work  proceeds  in  a  perfect  steam 
engine,  448. — "  Slip  "  of  expansion,  450. — Advantage  of  thcta-phi  diagram, 
450. 

Discussion. — Cochrane,  C,  Ratio  of  two  specific  heats  of  air,  as  deduced 
from  velocity  of  sound,  451 ;  verification  of  Laplace's  hypothesis 
respecting  work  done  in  compression,  452. — Ryan,  J.,  Error  in  recording 
Regnault's  observations,  452;  examination  of  Regnault's  ajiparatus 
preserved  in  Colle'ge  de  France,  453;  author's  previous  paper,  455; 
Newton's  hypothesis  of  a  gravitating  ether,  455)  Rankine's  attempt,  456  ; 
second  law  of  thermodynamics,  456 ;  velocity  of  sound  in  air,  45G. — 
Kennedy,  A.  B.  W.,  Summary  of  author's  results,  457;  theta-phi 
diagram,  458 ;  abridgment  of  formulae,  458 ;  introduction  of  new 
expressions,  458. — Shaw,  H.  S.  H.,  Value  of  author's  work,  459  ; 
simplification  of  formula?,  460;  theta-phi  diagram,  460. — Head,  J., 
Importance  of  fuel  economy,  461. — Paget,  A.,  Proposed  to  republish 
author's  earlier  paper,  461. — Head,  J.,  Seconded  proposal,  462. — Cochrane, 
0.,  Motion  carried,  462. — Gray,  J.  M.,  Origin  of  theta-phi  diagram,  462 ; 
Professor  Gibbs'  paper  on  graphical  methods  in  thermodynamics  of 
fluids,  463 ;  Carnot  originator  of  entropy-temperature  co-ordinates,  464  ; 
water-wheel  illustration  of  heat  relations  in  steam-engine,  464  ; 
simplification  of  formulte,  465  ;  theta-phi  diagram  for  practical  use,  466  ; 
entropy  values  (p  for  curves  in  theta-phi  diagram,  467 ;  second  law  of 
thermodynamics,  468. — Cochrane,  C,  Author's  grasp  of  physical  laws, 
468. 

Rendell,  a.  W.,  elected  Member,  2. 

Report  of  Council,  3.    See  Council,  Annual  Report. 

Research  Committee  on  Marine-Engine  Trials ;  Report  upon  Trials  of  the  s.s. 
"  Meteor,"  235.     See  Marine-Engine  Trials. 

Research  Committees,  5-6. 

Reynolds'  Gas  Engine,  502.    See  Gas  Engines. 

Richards,  E.  W.,  Remarks  on  additions  to  By-laws,  31 : — on  Blast-Furnace 
Practice,  619. 

Richmond,  J.,  elected  Member,  2. 

Rio  de  Janeiro,  Roller  Flour  Mill  and  Granary,   151.      See   Roller    Flour 
Milling. 

RiVA,  E.,  elected  Member,  585. 

Riveting,  Hydraulic,  at  Forth  Bridge,  217.    See  Address  of  President. 
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KoLLER  Flour  Mill  and  Granary  at  Eio  do  Janeiro,  lol.    See  EoUer  Flour 
Milling. 

KOLLEK  Flour  Milling,  Paper  on  the  latest  development  of  Eoller  Flour 
Milling,  by  H.  Simon,  148. — Change  in  mode  of  milling  by  abandonment 
of  millstones  and  substitution  of  rollers,  148. — Treatment  of  products 
without  handling,  149.  —  Contrast  between  English  and  Hungarian 
milling,  149. — Introduction  of  roller  milling  in  England,  151. — Description 
of  new  roller  flour  mill  and  granary  at  Eio  de  Janeiro,  151. — Site  and 
buildings,  152. — Motive  power,  153. — Landing  and  cleaning  of  grain, 
153. — Storage  of  grain  on  floors  and  in  silos,  154. — Sorting,  mixing,  and 
airing  of  grain,  154. — Final  wheat-cleaning  machinery,  154. — Eoller  mill 
machinery,  156. — Four-roller  break-mill  with  fluted  rolls,  for  breaking  the 
kernel  of  the  wheat  from  the  bran,  156. — Three-high  roller  reducing  mill 
with  smooth  rolls,  for  reducing  the  broken  grain  to  flour,  157. — Purification 
of  middlings  by  winnowing,  158. — Centrifugal  dressing  machine  for 
separating  flour,  159.  —  General  outline  of  milling  process  as  performed 
by  series  of  machines,  160 ;  extraction  of  germ,  161. — Dust  collector,  162. 
Discussion. — Simon,  H.,  Samples  of  milling  products,  and  specimen 
of  dust  collector,  164. — Fogerty,  J.,  Early  attempts  to  employ  rollers  iu 
Irish  mills,  164 ;  decline  of  millstone  grinding,  165 ;  explosions  in  flour 
mills,  165. — Paget,  A.,  Enquiry  respecting  cause  of  explosion,  165. — 
Fogerty,  J.,  Cause  of  explosions,  166 ;  automatic  milling  is  not  recent, 
166 ;  construction  of  bins,  166. — Cochrane,  C,  Eeason  for  bursting  ot 
bins,  167. — Fogerty,  J.,  Lateral  pressure  of  grain,  167 ;  milling  machinery 
in  America,  167  ;  superiority  of  Hungarian  flour,  167. — Schonheyder,  W., 
Enquired  variation  of  speed  in  roller  milling,  168. — Davey,  H.,  Eelative 
driving  power  for  roller  mill  and  for  millstones,  168. — Carbutt,  E.  H., 
Objection  to  grinding  by  millstones,  168  ;  flour  mill  at  Minneapolis,  168 ; 
construction  of  silos,  169 ;  grain  store  at  Chicago,  169 ;  speed  of  grain 
elevators,  169;  contrivance  for  seeing  quantity  of  grain  in  high-speed 
buckets,  170. — Carter,  J.  H.,  Automatic  working  of  stone  flour  mills, 
170 ;  lateral  pressure  in  silos,  170 ;  automatic  principle,  170. — Colyer,  F., 
Speed  of  grain  elevators,  171  ;  bursting  of  vertical  bins,  171 ;  coal 
consumption,  horse-power,  and  work  done,  171. — Neate,  C,  Details  of  Eio 
mill,  172 :  precautions  against  fire,  172. — Thelwall,  W.  H.,  Construction 
of  Eio  mill,  173;  construction  of  bins,  and  lateral  pressure  of  grain,  173. 

Nursey,  P.  F.,  Working  of  dust  collector,  174. — Armer,  J.,  Use  of  dust 

collector  for  extracting  moisture  from  compressed  air,  174 ;  lateral 
pressure  of  grain  in  bins,  175. — Taylor,  S.,  Early  attempts  at  roller 
milling,  175 ;  Buchholz  system,  and  Carr  disintegrator,  175 ;  general 
principles  of  roller  mills,  176;  power  required  with  millstones  and 
with  rollers,  176 ;  advantage  of  rollers  over  millstones,  176 ;  stone  mills 
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as  miicb  automatic  as  roller  mills,  177 ;  hand  labour  in  Hungarian 
mills,  177. — Cochrane,  C,  Enquired  number  of  separations  of  products, 
177. — Taylor,  S.,  Large  number  of  separations,  177;  grinding  action  of 
millstones  and  of  rollers,  178.  —  Cochrane,  C,  Adjustment  of  roller 
machinery,  178. — Taylor,  S.,  Roller  machinery  is  capable  of  adjustment, 
178. — Ferguson,  J.,  Roller  milling  attended  with  introduction  of  superior 
dressing  machinery,  178  ;  improvement  of  stone  milling  by  adoption  of 
better  dressing  machinery  and  better  methods,  179  ;  elimination  of  germ, 
and  sacrifice  of  food  properties  to  colour  of  flour,  179 ;  foreign  roller 
milling  machinery,  179. — Ashby,  F.,  Division  of  wheat  grain  into  food  for 
man  and  for  beasts,  180 ;  explosions  in  flour  mills,  180  ;  centrifugal 
dressing  machine,  181 ;  automatic  and  non-automatic  processes,  181  ; 
power  used,  182 ;  continuous  separation  of  products  is  characteristic 
feature  of  roller  milling,  182. — Davey,  H.,  Flour  produced  per  lb.  of  coal, 
183. — Taylor,  S.,  Power  dependent  upon  rate  of  feed  and  nature  of  wheat, 
183. — Adamson,  T.  A.,  Introduction  of  roller  milling  in  Ii'eland,  183. — 
Stringer,  W.,  Construction  of  silos  or  bins,  184 ;  lateral  pressm-e  of  grain, 
184 ;  power  required  in  roller  milling  and  stone  milling,  185  ;  practical 
difference  in  results  of  automatic  and  non-automatic  mills,  186 ;  variation 
of  speed  in  automatic  milling,  188;  coal  consumption,  188;  limit  of 
automatic  action  in  milling,  188. — Cochrane,  C,  Pressure  of  grain  in 
vertical  bins,  188 ;  removal  of  germ  from  flour,  189 ;  explosions  in  flour 
mills,  189;  sacrifice  of  food  properties  to  colour  of  flour,  190. — Lockhart, 
W.  S.,  Causes  of  explosions  in  flour  mills,  190. — Simon,  H.,  Adoption  of 
automatic  action  in  flour  mills,  191 ;  use  of  cast-iron  chilled  rollers,  192  ; 
relative  nutriment  in  white  and  in  dark  flour,  192. 

Rolling-Stock  Works,  Decauville,  548,  573. 

EooPE,  W.,  elected  Graduate,  2. 

Rosenthal,  J.  H.,  elected  Member,  204. 

Roux,  CoMBALUZiER,  AND  Lepape  Lift,  351.     See  Eiffel  Tower  Lifts. 

Russell,  Hon.  W.,  Memoir,  338. 

Ryan,  J.,  Remarks  on  Regnault's  Steam  Experiments,  452. 


Sacre,  C.  R.,  Memoir,  339. 

Salter,  F.,  Memoir,  199. 

Sanitary  Engineering,  220.    See  Address  of  President. 

Schonheyder,  W.,  Remarks  on  Compound  Locomotives,  121  : — on  Roller  Flour 

Milling,  168  :— on  Eiffel  Tower  Lifts,  374. 
Scrap-Welding    Furnaces,    49,    68,    73,    78,    82.      See    Petrolemn    Fuel    in 

Locomotives. 
Selman,  D.  C,  elected  Member,  346. 
Sevin,  C,  Remarks  on  Drying  in  Vacuum,  326. 
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Sewers,  Pai-is,  546,  559. 

Shaw,  H.   S.  H.,   Remarks  on  Kegnault's  Steam  Experiments,  459: — on  Gns 

Engines,  535,  537. 
Shepheed's  Gas  Exgike,  502.     See  Gas  Engines. 
Shield,  H.,  Eemarks  on  Gas  Engines,  531,  532,  536. 
Shone,  I.,  elected  Member,  346. 
Simon,  H.,  Fa^er  on  the  latest  development  of  Roller  Flour  Milling,  148. — 

Eemarks  on  ditto,  164,  191. 
Simplex  Gas  Engine,  512.    See  Gas  Engines. 
Simpson,  J.,  Blemoir,  749. 
Sinclair,  N.,  elected  Member,  585. 
Smelt,  J.  D.,  elected  Member,  585. 
Smith,  H.  B.  B.,  elected  Graduate,  204. 
Smith,  M.  H.,  Eemarks  on  Gas  Engines,  526,  527,  534,  535. 
Sounding  Apparatus,  Self-recordiug,  219.     See  Address  of  President. 
SouTER-KoBEKTSON,  D.,  elected  Member,  346. 
Spencer,  G.,  Memoir,  339. 
Spice,  R.  P.,  Memoir,  340. 

Spongt-Iron  Filtration  of  Water,  224.     See  Address  of  President. 
Spring  Meeting,  Business,  203. 
Steam,  Ether-Pressui-e  Theory  of  Thermodynamics  applied  to  Steam,  379 ;  see 

Ether-Pressure  Theory.      Rationalization  of  Regnault's  Experiments  on 

Steam,  399 ;  see  Regnault's  Steam  Experiments. 
Steam-Jacket,  First  Report  of  the  Research  Committee  on  the  Value  of  the 

Steam- Jacket,  Tabulated  Results  of  previous  Experiments,  703.    ^See  Index 

to  Experiments,  704. 
Steam-Jacketing  of  Engine  Cylinders.    See  Condensation  and  Ee-evaporation, 

and  Marine- Engine  Trials. 
Steam-Ships,  "  Meteor,"  235 ;  "  Fusiyama  "  and  "  Colchester,"  252-3,  292,  295 ; 

"  Prompt "  and  "  Malvena,"  255.    See  Marine-Engine  Trials. 
Steam  Steering  Gear,  218.    See  Address  of  President. 
Steering  by  steam  power,  218.     See  Address  of  President. 
Stevenson,  G.  W.,  Memoir,  750. 
Street's  Gas  Engine,  501.    See  Gas  Engines. 
Stringer,  W.,  Eemarks  on  Eoller  Flour  Milling,  184. 
Strohn,  W.,  Eemarks  on  Drying  in  Vacuum,  315,  316,  327,  330. 
Stroudlet,  W.,  Memoir,  751. 
Stuart-Hartland,  D.  A.,  elected  Member,  585. 
Subscription,  Additions  to  By-laws  respecting  arrears  of  annual  subscription, 

29-33. 
Summer  Meeting  1888,  Dublin,  8.    Ditto  1889,  Paris,  9,  343;  see  Paris  Summer 

Meeting. 
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Tangye,  II,  L.,  elected  Graduate,  585. 

Taxation  of  Machinery,  587. 

Taylor,  S,,  Eemarks  on  Roller  Flour  Milling,  175,  177,  178,  183. 

Testing  of  iron,  228.     See  Address  of  President. 

Thelwall,  W.  H.,  Remarks  on  Roller  Flour  Milling,  17:j. 

Thermodynamics,  Ether-Prcssuro  Theory  of  Thermodynamics  applied  to  Steam, 

379.    See  Ether-Pressure  Theory,  and  Rcgnault's  Steam  Experiments. 
Theta-Phi  (0  <^)  Diagram.     See  Ether-Pressure  Theory,  cmd  Rcgnault's  Steam 

Experiments. 
Thomas,  J.  D.,  elected  Member,  585. 
Thomson,  R.  M.,  elected  Member,  585. 

Thomson,  Sir  W.,  Sounding  Apparatus,  219.     See  Address  of  President. 
ToMLiNSON,  J.,  Remarks  on  Drying  in  Vacuum,  319,  325 : — on  Blast-Furnace 

Practice,  629. 
Tower,  Eiffel,  Paris,  350,  547,  561. 
TowLER,  A.,  elected  Member,  2. 

Tramway  Traction  by  endless  ropes,  211.     See  Address  of  President. 
Treharne,  G.  a.,  elected  Graduate,  585. 
Trenerry,  W.  p.,  elected  Member,  346. 
Trials  of  Marine  Engines,  235.     See  Marine-Engine  Trials. 
Triple-Expansion  Engines,  218.    See  Address  of  President. 
TtiRNBULL,  C.  H.,  Memoir,  200. 
TuRNEY,  Sir  J.,  Kniglithood,  22. 
Tyrrell,  J.  J.,  elected  Member,  2. 

Unwin,  W.  C,  Remarks  on  IMarine-Engine  Trials,  270. 

Urquhart,  T.,  Supplementary  Paper  on  the  use  of  Petroleum  Refuse  as  Fuel  in 
Locomotive  Engines,  36. — Remarks  on  ditto,  65,  76-84. 

Vacuum  for  Drying,  307.     See  Drying  in  Vacuum. 

Vacuum  Power  Supply,  Paris,  540,  557. 

Vaslin,  H.,  Presentation  to,  584. 

Verderber  Boiler,  43,  74,  82.     See  Petroleum  Fuel  in  Locomotives. 

Votes    of    Thanks,   to  retiring  President,   26-29 :  —  to   Institution    of   Civil 

Engineers,  35,  205,  588 : — to  President   for  Address,   232  : — at  Summer 

Meeting,  Paris,  348,  349. 


Walker,  B.,  re-elected  Member  of  Council,  23. 

Walker,  W.,  Remarks  on  Gas  Engines,  529. 

Warp  Weaving,  Paper  on  Warp  Weaving  and  Knitting,  without  Weft,  by 
A.  Paget,  469.— Three  methods  of  weaving  threads  into  cloth,  469. — 
Shaping  of  fabrics,  469. — Functions  and  movements  of  three   primary 
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parts  which  manipulate  threads  of  warp  and  weave  them  into  cloth, 
470. — Stripes  in  fabric,  and  closeness  of  weaving,  472. — Troughs,  473. — 
Needles,  475.  —  Presser,  475.  —  Hooks,  477.  —  Eeservoir  rod,  478.  — 
Ke-threading,  479.  —  Fringing,  481.  —  Selvedge,  481.— Shaping,  482  ; 
Vaucanson  chain,  483.  —  Weaving  from  creel,  484.  —  Construction  of 
presser,  485. 

Discussion. — Paget,  A.,  Exhibited  working  model  to  illustrate  action  of 
three  iDrimary  parts,  together  with  samples  of  work,  486 ;  mode  of 
weaving  shaped  vest,  487 ;  extremes  of  coarse  and  fine  weaving  done  by 
same  machine,  488. — Dobson,  B.  A.,  Examination  of  machine,  488;  speed 
and  smoothness  of  working,  489  ;  variation  in  nature  of  work,  and  celerity 
of  change  from  one  material  to  another,  489  ;  old  knitting  machines  with 
single  thread,  489  ;  high  speed  of  warp  weaving,  490  ;  shaping  mechanism, 
490. — Boeddinghaus,  J.,"\Veaving  of  thick  and  thin  fabrics,  491. — Paget,  A., 
Range  of  work,  491. — Kennedy,  A.  B.  W.,  Examination  of  machine,  and 
timing  of  work  done,  491 ;  heavy  towelling,  491 ;  clouds,  492 ;  changing 
beams  and  re-threading,  492 ;  reservoir-rod,  493.  —  Adamson,  D., 
Advantage  of  using  one  quality  of  yarn,  494 ;  needles,  494 ;  educational 
value  of  machine,  495. — Birckel,  J.  J.,  Nicety  of  control  of  motions, 
495. — Cochrane,  C,  Construction  of  presser  and  needles,  495 ;  wear  and 
tear  of  machine,  496. — Paget,  A.,  Shaping  of  fabrics  in  warp]  weaving, 
496 ;  educational  value  of  delicate  machinery,  496 ;  increase  in  wages  of 
operatives,  497 ;  accurate  control  of  movements  in  machine,  and  use  of 
Whitworth's  measuring  machines,  497;  prevention  of  sagging  in  long 
bars,  498  ;  needles,  498 ;  wear  and  tear  of  machine,  498. — Cochrane,  C, 
Simple  mode  of  producing  patterns  and  changes,  in  place  of  Jacquard 
system,  499. 

"Waksop,  T.,  elected  Member,  346. 

Watek  Purification  by  spongy  iron,  224.    See  Address  of  President. 

Wateeways,  Inland,  211.     See  Address  of  President. 

Weaving  and  Knitting  with  Warp  and  without  Weft,  469.     See  Warp  Weaving. 

Webb    Compodnd    Locomotive,    118,    119,    121,    134,     137.      See    Compound 
Locomotives. 

Welding  Furnaces,  with  liquid  fuel,  49,  68,  73,  78,  82.    See  Petroleum  Fuel 
in  Locomotives. 

White,  W.  H.,  Remarks  on  Marine-Engine  Trials,  253,  255. 

Wicksteed,  J.  H.,  re-elected  Member  of  Council,  23. 

WiGHAM,  J.  C,  elected  Graduate,  347. 

WiGHAM,  J.  R.,  elected  Member,  346. 

WiLLANS,  P.  W.,  Remarks  on  Marine-Engine  Trials,  260  :— on  Condensation  and 
Re-evaporation,  676,  677-686. 

Williams,  W.  W.,  Jun.,  elected  Member,  585. 
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Willis,  E.  T.,  elected  Graduate,  204. 

WiLLOCK,  Capt.  H.  B..  Memoir,  200. 

Wilson,  C.  J.,  Remarks  on  Marine-Engine  Trials,  293. 

WiNKFiELD,  R.  E.,  elected  Graduate,  204. 

Wood,  E.  W.  N.,  Memoir,  752. 

Works  visited  at  Summer  Meeting,  Paris,  542,  546-581. 

WoRSDELL,  T.  W.,  re-elected  Member  of  Council,  23. — Remarks  on  Petroleum 

Fuel  in  Locomotives,  73 : — on  Compound  Locomotives,  128,  132,  13G,  140. 
WoRSDELL    AND    V.    BoBRiES    COMPOUND    LOCOMOTIVES,   87.      See  Compound 

Locomotives. 
WoRSSAM,  H.  J.,  Remarks  on  Drying  iu  Vacuum,  321. 
Wright,  H.  T.,  elected  Graduate,  585. 

Yarrow,  A.  F.,  elected  Member,  585. 

Young,  D.,  elected  Member,  585. 

YoDNG,  G.  S.,  Remarks  on  Condensation  and  Re-evaporation,  695. 
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